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RELATIONS AMONG SOME MEASURES OF 
PATTERN DISCRIMINABILITY! 


O. S. ADAMS; P. M. FITTS, M. RAPPAPORT, AND M. WEINSTEIN 
The Ohio State University 


Many methods have been employed 
to measure visual pattern discrimina- 
bility. In studies of sensory or per- 
ceptual processes the £ has often 
varied some physical characteristic of 
the stimulus over a range of values 
near the absolute threshold, and, per- 
mitting S only two or three alterna- 
tives, has recorded the proportion of 
correct responses. In other experi- 
ments, however, EZ: has used supra- 
threshold stimuli and recorded such 
varied aspects of performance as reac- 
tion time, sorting time, learning trials, 
fidelity of reproduction, and ability to 
locate a specific figure embedded in a 
more complex one. 

From time to time writers have 
cautioned against the assumption that 
all such indices are measures of the 
same process. For example, it has 
been suggested that a distinction 
should be made between visibility and 
legibility measures (3), between dis- 
crimination and recognition tasks (1), 
and between discrimination training 
and differentiation training (2). 


1This work was supported by a contract 
between The Office of Naval Research and The 
Ohio State University Research Foundation. 

* Now at Emory University. 


Until the relations among the vari- 
ous operations employed to measure 
discriminability are determined, valid 
generalizations about the nature of 
form perception, or about the stimulus 
characteristics that permit efficient 
learning and discrimination, must, of 
course, be limited to the class of opera- 
tions employed in particular studies; 
visibility data cannot legitimately be 
generalized to legibility situations, 
and threshold data cannot be used to 
predict learning in suprathreshold 
tasks. Unfortunately for the clarifi- 
cation of such methodological prob- 
lems, most Es have employed only one 
discrimination task, and generally 
have recorded only a single measure of 
performance. For example, a recent 
bibliography of studies pertaining to 
the discriminability of geometric forms 
(7) lists 40 studies of which less than 
10 report more than one measure, and 
only 5 employ more than one dis- 
tinctly different discrimination task. 

Where interest is centered in factors 
influencing performance in discrimina- 
tion tasks rather than in perception 
or learning per se, it is important to 
determine the relations among the 
indices of discriminability obtained in 
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different tasks, such as visibility, speed 
of classification, or ease of learning. 

The present investigation provides 
comparative data on eleven measures 
of visual pattern discriminability. 
The situations in which these measures 
were secured varied in several gross 
respects, but Ss were always required 
to respond by designating one from 
among the same set of 16 alternative 
forms. Three of the measures were 
taken under what Es judged to be 
threshold conditions, two were taken 
under intermediate conditions, and 
six under conditions classed as supra- 
threshold. Six were time measures 
and five were not. Two were typical 
learning measures, five depended on 
the elicitation of a response learned in 
a preceding task, and four required no 
special training. 

It was hypothesized that the set of 
16 stimulus figures would be ordered 
quite differently by many of these 
measures of discriminability. In par- 
ticular, it was hypothesized that 
thresaold and suprathreshold tasks 
would provide independent rankings. 

Explicitly, the present study is not 
concerned with individual differences 
among the persons who served as Ss; 
it is concerned with the measurement 
of individual stimulus differences and 
the effects of these differences on 
various measures of discriminability. 


METHOD 


Apparatus.—A rectangular compartment, 
with a viewing hood protruding from one end, 
was used to display the visual stimuli for 7 of the 
11 experimental conditions. A 40-w. incandes- 
cent light source provided uniform flood lighting 
for the inside of the box. A double saw-toothed 
shutter, operated by a motor-driven wedge, per- 
mitted the level of illumination to be set at any 
fixed value in the range zero to 10 ft.-lamberts, 
or to be increased continuously over this range. 

The rear wall of the compartment was 28 in. 
from S’s eye position and contained a 1}- by 2}- 
in. aperture in which the stimuli appeared. At 
this distance the maximum horizontal dimension 


(2 in.) of the stimulus figures subtended a visual 
angle of 1° 32’. The S viewed the aperture 
binocularly through the viewing hood. 

Located behind the aperture and immediately 
in front of the stimulus figure was a double-blade 
solenoid-operated shutter that could be opened 
by £ or activated by a microswitch located on 
the illumination control wedge. Opening the 
shutter started a timer. The shutter was closed 
and the timer stopped by a voice-key which was 
activated by S. This shutter was used for all 
tasks in which identification time (IT) was 
measured. A luminous fixation point was placed 
on the center of the touching edges of the shutter 
blades. 

For the paired-associate learning task, two 
rotatable disks were mounted on the outside and 
at the rear of the viewing box. One slotted disk, 
driven by a constant-speed motor, automatically 
controlled the exposure of the stimulus figure 
and the response item. Pairs of stimulus and 
response items were mounted on the other disk. 
It was positioned immediately behind the slotted 
disk, and was operated by E so as to present the 
stimuli in a predetermined sequence. 

Acuity thresholds were determined by means 
of a Bausch and Lomb Clason Acuity Meter. 
A sorting board similar to that described by 
Sleight (6) was used to obtain measures of sorting 
performance. 

Stimuli.—The 16 stimulus patterns are shown 
in Fig. 1. From left to right, the patterns in the 
first column represent the four basic stimulus 
shapes, patterns in the second column are asym- 
metric distortions of the figures in the first 
column, and the figures in the third and fourth 
columns correspond exactly to the figures in the 
first two columns, respectively, but are filled 
instead of outlined patterns. All figures have 
the same-total area, and the number of separate 
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sides and corners is equal among the figures 
within each row. The study was limited to 16 
figures because learning would have been made 
too difficult had a larger number been used. 

Subjects —The Ss were 16 students at The 
Ohio State University. They were paid on an 
hourly basis. Each S participated for 17 or 
more days depending on the number of sessions 
required to meet the learning criterion. 

Procedure.—The 11 measures described below 
were taken on each S who served in the experi- 
ment. The order in which they were taken was 
as follows: preacuity threshold, learning (trials 
and errors), early identification times (high and 
low illumination), late identification times (high 
and low illumination), identification time 
(speeded illumination), sorting order, sorting 
time, and finally, postacuity threshold. The two 
acuity thresholds and identification time (speeded 
illumination) were classified as threshold tasks. 
Learning trials, learning errors, the two identifi- 
cation-time measures under high illumination, 
sorting order, and sorting time were originally 
considered to be suprathreshold tasks. The two 
identification-time measures under low illumina- 
tion were considered intermediate between 
threshold and suprathreshold tasks. 

a. Preacuity threshold —The acuity threshold, 
measured in visual angle, was determined for 
each figure which was projected at a distance of 
5.5 meters from S’s eye by means of a Clason 
Acuity Meter. The S held in his hand a card 
containing all 16 figures, and attempted to iden- 
tify each figure as one of these 16 as it was 
increased in size by discrete steps. The visual 
angle at which the first of three consecutive 
correct identifications of the stimulus was made 
arbitrarily was taken as the threshold. Two 
threshold determinations were taken for each 
figure. 

b. Learning trials—The number of trials 
required to associate each stimulus figure with 
an alphabetical letter to a criterion of five con- 
secutive errorless trials in a paired-associate 
learning paradigm was recorded. Items were 
presented at a 5-sec. rate with a 2-sec. exposure 
of the stimulus figure, a 1-sec. exposure of the 
figure-letter pair, and a 2-sec. blank interval 
between pairs. The figure-letter pairings were 
different for each S, and the order of presentation 
was varied to equate serial learning effects. 

c. Learning errors.—The E recorded the total 
number of errors of all kinds made to each 
stimulus figure during the course of learning. 

d. and ¢. Identification time, low and high 
illumination, early trials ——These two measures, 
which differed only in level of illumination, were 
secured concurrently. On the next session after 
S reached the learning criterion, single figures 
were presented in the exposure aperture under 


one of two levels of illumination (3.50 and .02 
ft.-lamberts). As soon as S identified a figure, 
he spoke the previously learned alphabetical 
letter into the voice key, terminating the expo- 
sure interval. Identification time was measured 
by a 1/100-sec. clock. During each of three 
sessions, each of the figures was presented four 
times under high illumination and four times 
under low illumination. The sequence of figures 
and the sequence of high and low illumination 
were random. Thus, there were 12 identifica- 
tion-time measures for each figure under each 
of the two illumination levels. The averages for 
these two conditions will hereafter be referred to 
as: IT (high, early) and IT (low, early). 

f. and g. Identification time, low and high 
illumination, late trials —These two measures 
which differed only in level of illumination, were 
secured concurrently on the next three sessions 
following measures d and ¢. The procedure was 
identical to that for the early identification-time 
measures. (The decision to treat the first three 
and the last three sessions separately was an 
arbitrary one.) 

h. Identification time, speeded illumination.— 
Under this condition the illumination was in- 
creased rapidly from a zero point to approxi- 
mately .05 ft.-lambert in 10 sec. The growth of 
illumination followed a power function. The S 
was instructed to identify the stimulus figure as 
soon as it could be seen, and the time elapsing 
between the beginning of the growth of illumina- 
tion and his verbal response was recorded. 
Error responses were extremely few, and when- 
ever they occurred the IT was not recorded, but 
the stimulus was presented again at a later time 
in the session. Each of the 16 figures was scored 
four times per session in a random order, and the 
IT (speeded illumination) criterion is the average 
over three sessions. 

1. Sorting order.—This measure of discrimina- 
bility has been proposed by Sleight (6). Each of 
the 16 figures was reproduced eight times and 
mounted on small disks. The maximum hori- 
zontal dimension of each figure was } in. The 
disks were arranged irregularly by E on a cir- 
cular board, and S was first instructed to glance 
at the board and sort all eight reproductions of 
the figure which “stood out” from the others. 
After the eighth reproduction had been located, 
S turned away from the board. He was next 
instructed to sort out the most prominent of the 
remaining 15 basic figures. This procedure was 
continued until S had chosen a sorting order for 
all figures. The E recorded this order. 

j. Sorting time-—The same circular sorting 
board and eight reproductions of each figure were 
used to obtain a measure of sorting time. A 
figure was presented to the S, and he was in- 
structed to sort out the eight reproductions of it 
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from the board. After sorting out these eight 
disks, S turned away and the figures were re- 
placed on the board. The S was then given 
another figure to sort out. Each S sorted the 
figures in a different order, each figure being 
sorted first by one S, second by another, etc. 
The irregular arrangement of the disks on the 
board was periodically shuffled by E. The time 
required to locate all eight reproductions of each 
figure was recorded. 

k. Postacuity—Acuity measures for each fig- 
ure were taken at the end of the experiment in 
the same manner as they were at the beginning. 
Approximately three weeks elapsed between the 
pre- and postacuity measures. 


REsuLts AND Discussion 


In order that all Ss would contrib- 
ute equally to the determination of 
the relations between the 11 measures, 
the results presented here were devel- 
oped from ranked data. On each 
measure the raw data for each figure 
were ranked by S. Then the sums of 
the ranks by figures were computed 
and these sums ranked.* The signifi- 
cance of the differences between the 
rank sums was then tested, using an 
application of the chi-square test for 
ranked data as developed by Fried- 
man (4). The values for x,? for each 
measure are significant at the .01 level 
of confidence. It is concluded that 
the agreement among the data con- 
tributed by Ss in the rank assigned to 
each figure was not due to chance. 

In Table 1 is shown the rank of each 
of-the 16 figures on each of the 11 
measures. ‘The rank assigned to each 
figure represents the rank of the sum of 
the ranks for all Ss. In the lower por- 
tion of the table the ranks for the 
filled vs. outlined and for the sym- 

3 An 11-page table giving data for each of the 
measures has been deposited with the American 
Documentation Institute. Order Document 
No. 4246 from ADI Auxiliary Publications 
Project, Photoduplication Service, Library of 
Congress, Washington 25, D. C., remitting in 
advance $1.75 for 35 mm. microfilm or $2.50 
for 6 by 8 in. photocopies. Make checks payable 
to Chief, Photoduplication Service, Library of 
Congress. 


metrical vs. asymmetrical figures are 
compared on each of the measures. If 
no difference existed between these 
two dichotomies, we would expect the 
sum of the ranks for each to fluctuate 
around the expected total of 68 (one- 
half the sum of ranks from 1 to 16). 
Entering Wilcoxon’s table (9) for un- 
paired replicates, we find with N=8 
that rank totals of 49, 46, and 44 have 
a probability of occurrence of 5, 2, 
and 1%, respectively. The differ- 
ences that are significant are shown in 
Table 1. Some amount of regression 
in these differences would be expected 
on successive replications of this ex- 
periment, but the large number of sig- 
nificant differences lends credence to 
the individual comparisons. 

Two conclusions are apparent from 
Table 1. First, some of the figures 
are ranked rather consistently by 
nearly all measures. Second, one or 
the other of the dichotomous stimulus 
characteristics (outlined vs. filled, and 
symmetrical vs. asymmetrical) influ- 
ences significantly the discriminability 
among the figures on each of the meas- 
ures, with the exception of sorting 
time. 

The reliability of each of the meas- 
ures of discriminability was estimated 
by splitting the 16 Ss at random into 
two groups of eight. The sums of 
ranks of the 16 figures were then deter- 
mined separately for each subgroup, 
and the rank correlation between 
these two estimates was computed. 
The resulting correlations, corrected 
for double the number of Ss, are shown 
in Table 2. This method of comput- 
ing reliability provides an estimate of 
the agreement that would be expected 
in the ranks for different figures if the 
experiment were to be replicated using 
a different group of 16 Ss. It will be 


seen that the lowest agreement be- 
tween Ss occurred in the ranks as- 
signed figures on the two learning 
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measures. On the whole, the closest 
agreement between Ss was on the 
visibility measures. 

The rank-order correlations between 
pairs of measures are given in Table 2. 
The N for each correlation is 16 
(figures). All r’s are positive. The 
range is from a low of .13 between 
learning errors and preacuity to a 
high of .97 between pre- and post- 
acuity. The median correlation is 
.70. In general, there are high posi- 
tive correlations between learning 
trials, learning errors, and the two 
measures of identification time under 
high illumination. The IT scores 
under low illumination are less closely 
related to the learning measures than 
are the IT scores under high illumi- 
nation. The IT (speeded illumina- 
tion) score correlates very highly with 
the pre- and postacuity measures. 
The lowest agreement is found between 
the acuity scores on the one hand, and 
learning measures, sorting time, and 
IT scores under high illumination on 
the other. 

The high correlation between pre- 
and postacuity scores indicates that 
the ordering of the 16 figures changed 
only slightly with extended practice. 
There was, however, a significant 
decrease in the absolute size of the 
visual angle at which the figures could 
be identified. 

The correlation of .45 between sort- 
ing order and sorting time is consider- 
ably lower than the .79 between these 
same measures as reported by Sleight 
(6). The set of forms used in the 
present experiment was more homoge- 
neous with respect to shape than that 
used by Sleight, but was less homoge- 
neous with respect to brightness. 

Also included in Table 2 are the 


‘With N = 16, the rank-order correlation 
must attain a value of .52 and .65 in order to be 
significantly different from zero at the 5% and 
1% levels of confidence, respectively. 


TABLE 2—Reuiasiuiries, INTERCORRELATIONS, RestpvaL Matrix, anp Factor Loapincs or THE 11 DiscrIMINABILITY MEASURES 
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loadings on three orthogonal factors 
that were extracted by Thurstone’s 
centroid method (8). This analysis 
is included as a supplement to the 
other statistical data. The chief point 
of interest in this analysis is the load- 
ings of the 11 measures on the three 
factors. These loadings agree with 
the differences that have been noted 
above. Factor I is identified as a 
contrast factor which is associated 
with the differences between outlined 
and filled figures. The measures that 
showed significant differences in Table 
1 when the sums of ranks were split 
between outlined and filled figures are 
the ones that have their highest load- 
ings on this factor. They are pre- 
and postacuity, IT (speeded illumi- 
nation), and sorting order. There is 
a rank correlation of .98 between the 
11 sums of ranks of the outlined figures 
as given in Table 1 and the loadings of 
the 11 measures on Factor I. 

Factor II is identified as being asso- 
ciated with the differences between 
symmetrical and asymmetrical figures. 
The two learning measures and the 
two IT measures under high illumi- 
ation have the highest loadings on this 
factor. From Table 1 we see that 
these four measures gave significantly 
different values when the figures were 
split into the symmetrical and asym- 
metrical dichotomy. There is a rank 
correlation of .91 between the sums of 
ranks of the 11 measures for asym- 
metrical figures and the loadings on 
Factor II. The effect of illumination 
on the IT measures is shown by the 
increase in loadings on Factor I and 
the decrease in loadings on Factor II 
as illumination is increased. 

Factor III is more difficult to inter- 
pret than are the first two factors. It 
appears to be an external factor which 
is related to the identification-time 
measures. It is measured to some 
degree by sorting time, speeded illumi- 


nation, and early’ IT (both high and 
low illumination). The difference be- 
tween early and late IT measures is 
revealed in a decided drop in the size 
of the loadings of late IT for both high 
and low illumination. 


In general, the results substantiate the 
hypothesis that various dimensions of a 
visual stimulus pattern differentially 
affect performance at threshold and 
suprathreshold levels. The difference 
between outlined and filled figures was 
found to be significant on those measures 
taken under conditions of small size or 
low illumination. The difference be- 
tween symmetrical and asymmetrical 
figures was revealed in the suprathreshold 
tasks, particularly learning trials and 
errors, IT (high, early), and IT (high, 
late). 

Since the 16 shapes used in the present 
experiment were arbitrarily chosen, it is 
important to point out that whereas the 
results can be generalized to other Ss 
tested on these same shapes, some reser- 
vation must be taken in generalizing to 
other sets of shapes. The fact that 
shapes differing in brightness contrast 
differ in respect to acuity measures is 
already well known. However, the find- 
ing that learning and identification-time 
measures are associated more closely with 
the symmetry of a set of figures than 
with their brightness contrast has not 
been previously established, and addi- 
tional research with other sets of forms 
will be necessary before this finding can 
be generalized to shapes in general. The 
present results suggest, if one wishes to 
generate a set of figures that Ss can easily 
learn to discriminate, that symmetry is 
an important stimulus dimension. This. 
has been recognized by Gestalt writers 
(S), and it is interesting to speculate on 
the role of symmetry in form perception. 
The authors are currently developing the 
notion that symmetry may be analogous 
to the concept of redundancy as found in 
information theory. Since a symmetrical 
figure is completely specified by a portion 
of its contour, investigations of the possi- 
bility that a quantitative relation exists 
between the relative redundancy of a 
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contour and ease of learning would con- 
stitute a problem for future study; 
another such problem would be tests of 
the equivalence of difterent ways of intro- 
ducing redundancy. 

The two measures that did not behave 
as predicted were sorting order and sort- 
ing time, both of which were originally 
classified as suprathreshold measures. 
Sorting order turned out to be more akin 
to the threshold measures, whereas sort- 
ing time failed to correlate distinctly with 
either group although its strongest asso- 
ciation was with the suprathreshold 
measures. 


SUMMARY 


The purpose of the investigation was to deter- 
mine the relations among 11 measures of the 
discriminability of a set of visual forms. These 
measures included (a) two determinations of size 
thresholds, (6) four measures of identification 
time under constant illumination and one under 
constantly increasing illumination, (c) two meas- 
ures of sorting performance, and (d) two learning 
measures. The 11 measures were applied to a 
set of 16 arbitrarily selected forms. Half the 
forms were symmetrical, and half asymmetrical; 
half were filled, and half outlined. 

The principal findings are as follows: 

1. The two learning measures agreed closely 
with identification time under high illumination, 
and somewhat less closely (r’s = .69 and .71) 
with sorting time. 

2. Identification-time measures under low 
illumination correlated moderately (r’s ranged 
from .53 to .88) with all other measures. 

3. The two acuity measures agreed closely 
with the identification-time measure under 
speeded illumination, and with the S’s choice of 
sorting order. Acuity improved with practice, 


but the rank order of the 16 figures did not 
change appreciably. 
The hypothesis that differences would be 


found between measures of discriminability 
obtained in visibility and legibility tasks—i.e., 
between measures taken at or near threshold and 
at suprathreshold levels—appears to be sub- 
stantiated. For the restricted set of forms used 
in the present investigation, brightness contrast 
appears to be the principal factor associated with 
visibility measures. The stimulus dimension of 
symmetry seems to be the principal variable 
influencing the ranking of stimulus forms on the 
learning-legibility measures. 
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The relationship between quantity 
of material and level of difficulty has 
been studied for a variety of learning 
tasks, including nonsense syllables and 
prose (4), maze learning (8), a rational 
learning problem (7), and the disk 
transfer problem (2). As a general 
conclusion these studies have indi- 
cated that with an increase in length 
of task there is a disproportionate 
increase in difficulty. Other studies 
(1, 6), however, have shown a linear 
or even negatively accelerated increase 
in difficulty with increased length. 
McGeoch (5) points out that some of 
the conditions affecting this relation- 
ship might be: (a) practice level, (b) 
massed versus distributed practice, 
(c) nature of criterion measure, and 
(d) learning capability of Ss. 

The present study is concerned with 
the effect of instruction on this length- 
difficulty relationship for a complex 
rational learning task. In general, 
the task involved the discovery of the 
correct sequence in which to depress a 
row of buttons, utilizing information 
on relative sequential position which 
could be deduced from the dependency 
relations of a corresponding panel of 
lights. There were several reasons for 
the choice of this particular task. 
Within the general framework of train- 
ing research in the armament-elec- 


1 This research was carried out under the Air 
Force Personnel and Training Research Center, 
Lackland Air Force Base, San Antonio, Texas, 
in support of Project 400K-7709. Permission is 
granted for reproduction, translation, publica- 
tion, and use and disposal in whole or in part by 
or for the United States Government. 


tronics maintenance area, a task was 
desired which would simulate the kind 
of dependency relations characteristic 
of electronic systems. Underlying this 
emphasis was the conviction that the 
correct utilization of knowledge of 
these dependency sequences (i.e., 
flows of information and power) is the 
basis of efficient malfunction diag- 
nosis. A second reason for employing 
the present task was that, unlike 
many complex rational problems, the 
present one actually consisted of a 
chain of equivalent units; thus length 
or complexity could be varied without 
introducing qualitative changes in the 
task. ; 

In order to assess the effect of 
instruction on performance with dif- 
ferent task lengths, two conditions 
were contrasted. Under Cond. I, Ss 
were given no specific instruction as 
to the nature of the task, while under 
Cond. II, Ss were carefully instructed 
as to how indicated dependency rela- 
tions could be used to deduce the cor- 
rect response sequence. A simplified 
version of the apparatus was used to 
illustrate the principles underlying 
solution of the problem. For both of 
these conditions, data were obtained 
on problems 4, 6, 8, and 10 units in 
length. 


MeEtTHOD 


Apparatus.—The apparatus consisted, basi- 
cally, of ten relay units arranged in sequence 
electrically. A relatively complicated system of 
dependencies held as a consequence of the way 
these relays were wired. Each relay could be 
locked down in turn, regardless of its position in 
the sequence; however, locking down a given 
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relay automatically unlocked all relays later (or 
subordinate) in the sequence. That is, locking 
down Relay 1 would unlock all other relays 
already locked; locking down Relay 2 would 
unlock all relays except 1; locking down Relay 3 
would unlock all relays except 1 and 2, etc. 

The part of the apparatus with which S was 
directly concerned consisted of a low panel con- 
taining a row of ten push buttons, each with a 
light directly above it. Each of these push 
buttons controlled the activation of one of the 
ten relays in the system, and the illumination of 
the corresponding light directly above indicated 
that the particular relay was at the moment acti- 
vated or locked down. Through a system of 
jacks and plugs the particular relay activated by 
each button could be varied at will by E. Thus, 
although the relay units were wired in a fixed 
sequence, the corresponding push-button con- 
trols could be located physically at any place in 
the row of buttons. 

The £’s control panel contained the jacks and 
plugs used to vary the physical location of the 
control for each relay unit, an impulse counter 
for a record of the total number of buttons 
pressed on each trial, a row of lights which indi- 
cated the particular relays energized at any given 
moment, and necessary control switches. In 
addition to the components on E’s control panel 
itself, an Esterline-Angus graphic recorder sup- 
plied a continuous, timed record of each button 
pressed. 

The demonstration unit used in connection 
with Cond. II was a small self-contained box with 
four buttons and lights arranged in a row as in 
the response panel of the larger unit. A system 
of jacks and plugs permitted E£ to set the appa- 
ratus for any one of the possible correct 
sequences. The dependency system in the dem- 
onstration unit was electrically equivalent to 
that in the larger unit. 

Subjects.—The Ss were 160 basic trainees at 
Lackland Air Force Base. The Ss were assigned 
one at a time alternately to the two instruction 
conditions in order of availability. Within each 
instruction condition, the assignment of the 
length conditions was such that the number of Ss 
in each cell was approximately equal at all times. 

Procedure—Each of the 20 Ss within each 
of the four conditions was tested with a different 
correct sequence (i.e., a different physical loca- 
tion of the control for each relay unit). The 
same 20 sequences, however, were used for Cond. 
I and II. These sequences were selected ran- 
domly from a table of random permutations. 
The buttons were labeled from 1 to 10 and the 
lights from A to J as a memory aid. A cover 
board was placed over those buttons and lights 
not used in a given condition. 

Instructions.—The basic written instructions 


to Ss for Cond. I (no instruction) contained only 
the information needed to define the problem. 
The Ss were told that the task was to get all the 
lights burning with the fewest possible button 
presses. No mention was made of sequence or 
order; likewise, the fact that various lights (or 
buttons) seemed to have varying degrees of con- 
trol over other lights, was left for S to discover. 
As soon as all the lights were eventually turned 
on, £ informed S of the number of errors he had 
made, that is, the number of button presses 
which were in excess of the number needed to 
turn on all of the lights. The S was told that 
the same problem would be presented repeatedly 
until he obtained a perfect score (actually, no S 
was tested for more than 25 trials). Then E 
released all of the relays, putting the apparatus 
in readiness for the next trial. The time between 
trials was no longer than needed to record the 
number of errors and reset the counter (about 15 
sec. on the average). Data were recorded for 25 
consecutive trials at which point S was dismissed 
regardless of his level of performance. It was 
apparent from preliminary investigation that 
once an individual learned the correct sequence 
he could repeat it without error as long as asked. 
Rather than asking S to continue demonstrating 
that he had learned the problem, he was dis- 
missed from further testing if he achieved three 
consecutive errorless trials. The assumption 
was made in these cases that his error score would 
continue to be zero up to 25 trials and was so 
recorded. 

For Cond. II the Ss were carefully instructed 
in the operation of the apparatus, using the small 
practice unit to demonstrate the principles under- 
lying solution of the problems. The practice 
problems were never the same as those encoun- 
tered in the experiment itself. 

It may be helpful at this point to indicate in 
somewhat more detail how the “disconnected” 
dependency relations of certain lights to others 
could be used to deduce the entire connected 
dependency sequence. The following logical 
analysis, although more detailed, is in essentially 
the same form as that employed for the group 
given detailed instructions. To consider a sim- 
ple case, assume a response panel containing only 
four buttons labeled A to D, from left to right. 
For this example, assume that the corresponding 
correct responsé’sequence is 2-1-4~-3. The prob- 
lem is to discover this sequence with the fewest 
possible button presses. Since the initial proba- 
bilities are equal, one might as well proceed 
systematically from left to right. When Button 


A (Relay 2) is pressed, the corresponding light 
comes on but, of course, no dependency informa- 
tion is displayed. When B (Relay 1) is pressed, 
A goes out (since Relay 1 is earlier in the 
sequence than Relay 2). 


This indicates that B 
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comes before A in the correct sequence but does 
not indicate how much before. When C (Relay 
4) is pressed, its light comes on and, of course, B 
does not go out. This indicates that C is later 
than B, but no information is available as to the 
relation of C to A (since A had earlier been put 
out by B). When D (Relay 3) is pressed, the 
light for Button C goes out, while B remains on. 
This indicates that D is earlier in the sequence 
than C, but later than B. At the end of this 
series of presses, the dependency relations re- 
vealed may be summarized ~ the following 
diagram: 

A Cc D 


Cc 





Gara 


Dependency of a letter is indicated by its position 
under the letter heading each column. Note 
that the relation of A to D and C cannot be 
known until A is pressed again. When this is 
done, D goes out, revealing that A comes earlier 
than D (and thus C). Enough information has 
been displayed to indicate the entire connected 
sequence. With so few units it is difficult to 
demonstrate that a wide range of performance 
with respect to the extent of application of effi- 
cient logical procedures is possible. As an indi- 
cation of this range, it may be noted that with a 
“perfect” logical procedure, ten-unit problems 
may be solved in about 22 presses on the average. 
On the other hand, it is possible to take as many 
as 1,023 presses to get the ten lights burning? 
Analysis of reference functions.—In the pres- 
ent task, variation in the number of units in the 
sequence varied the actual number of response 
alternatives. As a consequence, the chance 
error level or base line for each condition is dif- 
ferent. Clearly, the performance with different 
numbers of units is comparable only if the 
chance-error base line is determined for each 
unit and the data are expressed relative to their 
own chance-error level. There appear to be two 
techniques which could be used to determine the 


2 An interesting relationship appears to exist 
between the logically “perfect” performance 
(determined empirically for a representative set 
of problems) and the number of bits of informa- 
tion (loge NV!) in a problem W units in length. 
At least for the 4-, 6-, 8-, and 10-unit conditions, 
the number of bits of information in a problem 
of N units is essentially the same as the number 
of presses required to discover the correct order. 
Thus it would appear that with a logically “per- 
fect” procedure, on the average, one bit of infor- 
mation per press is acquired regardless of the 
number of units. 


chance-error base line. The first of these tech- 
niques is essentially rational. One could com- 
pute the probabilities for all of the responses 
available after each successive response, for all 
of the possible response sequences. These prob- 
abilities could then be used as weights to deter- 
mine the number of presses to be expected by 
chance on each button. With even as few as 
four units the computation of these probabilities 
is an arduous task, while with as many as ten 
units the computation becomes impractical. 

As an alternative to a computation of the 
actual probabilities, the chance performance level 
can be approximated empirically with aid of a 
table of random numbers. This latter technique 
was used in the present case. The apparatus 
was arranged in what might be called the 
“standard position,” i.e., the correct sequence 
ran consecutively from left to right. As each 
number in a table of random numbers was called 
out column by column, an assistant pressed the 
buttons (numbered from 1 to 10) for the corre- 
sponding lights whenever they were available, 
i.e., not on. With such a procedure, sooner or 
later each of the required “next” numbers in the 
sequence appeared in the table, and the corre- 
sponding buttons were pressed, completing the 
trial. With the trial completed, the apparatus 
was cleared, and the procedure of pressing but- 
tons in random sequence started once again. 
Chance performance data were obtained for 200 
such trials following*the procedure outlined 
above. The complete “history,” i.e., sequence 
and number of button presses for each button 
individually, was available through the use of the 
graphic recorder. These graphic records were 
analyzed in detail to obtain the chance-error data 
to be considered below. Note that a chance- 
error base line determined in this way should be 
appropriate even where S approaches the task 
with strong position preferences or attempts to 
solve the problem through systematic position- 
oriented responses. Since each of the 20 Ss 
within the four length conditions was tested with 
a different correct sequence, the effect of position 
biases should average out in the combined data. 

In the present study all presses in excess of the 
single press required to turn on each light were 
counted as errors. On a ten-unit problem, for 
example, the total error was equal to the total 
number of presses minus ten. 

In the determination of error for individual 
units, at least two kinds of error counts might be 
made on the corresponding buttons. One might 
count (a) the number of presses on each button 
(minus 1), or (6) the number of presses after a 
given correct response and before the next correct 
response. For either of these error counts, the 
sum over all units will be equal to the total error 
score defined previously. To simplify the dis- 
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Fic. 1. Mean chance error per trial for each 
of the units of a ten-unit problem. These values 
were obtained empirically, using a table of ran- 
dom numbers. 


cussion, only the latter kind (5) of individual unit 
error will be considered in this study. Thus, the 
total error on Unit 1 is defined as the number of 
presses made before Unit 1 is locked down, while 
Unit 2 error is defined as the number of presses 
made after Unit 1 and before Unit 2 is locked 
down, etc. 

An analysis of the chance-error data by indi- 
vidual units was made as a first step in arriving 
at a chance-error base line for problems of various 
lengths. Figure 1 and Column A of Table 1 sum- 
marize this analysis in terms of the mean chance 
error per trial for each of the units of the 10-unit 
problem. In Column B the corresponding SD’s 
are shown. Figure 1 and Table 1 deserve close 
inspection since they point up a number of the 
properties inherent in the task itself which may 
not be evident at first glance. 

a. Note from Fig. 1 that the mean chance 
error decreases progressively when considering 
the units in sequence from 1 to 10. In fact, the 
chance error (and total possible error as well) for 
Unit 10 is always zero. This decrease in error is 
due to the progressive restriction on the number 
of available buttons as each light finally comes on 
in the correct sequence. 

b. From Table 1 note that the SD’s decrease 
progressively under the same conditions which 
decrease mean error. This decrease results from 
the progressive restriction of both tails of the 
chance-error distribution as fewer and fewer 
buttons are available.’ 

c. Although chance-error data were obtained 


* Frequency distributions were plotted for the 
mean error on each unit. In general; these dis- 


tributions show a progressive positive skew and 
truncation of both tails as the number of units is 
decreased. 


for the 10-unit problem only, a “box within a 
box” feature of the present problem permits the 
same data to be used to obtain the chance error 
for any lesser number of units. As each relay 
is locked down in sequence it should be evident 
that the problem is successively identical to a 
problem of 9 units, 8 units, 7 units, etc. Thus, 
mean error on the third unit of a 10-unit problem 
is equivalent to the mean error on the first unit 
of an 8-unit problem, etc. (assuming all of the 
available buttons have an equal chance of being 
chosen with each successive reduction). When 
the choice of buttons is determined from a ran- 
dom number table, this independence of succes- 
sive choices is assured; 8-unit data could not 
legitimately be obtained from a 10-unit problem 
using actual Ss, however. 

The final values for the chance-error function 
were obtained by visually smoothing the curve 
for mean error shown in Fig. 1. These adjusted 
values are shown in Column Cof Table 1. Since 
the sum of the errors made on each unit is equal 
to the total number of errors for a problem NV 
units in length, the total chance error for a prob- 
lem N units in length may be obtained by 
cumulating the values in Column C. This cum- 
ulative series appears in Column D of Table 1, 
showing the total chance error to be expected, 
on the average, for a problem from 1 to 10 units 
in length. The SD’s for problems 1 to 10 units 
in length, shown in Column E, were computed 
directly from the chance-error data. 


RESULTS 


Total error—The mean error per 

















trial for Cond. I and II is shown 
TABLE 1 
Summary or CHANcE-Error REFERENCE 
Functions 
 ~ n 
rror M M 
N Unit » Total for *, 
— Error N Units | Units 
Unit » Mean| SD | (Adjusted)| (Adjusted) 
A B Cc D E 

1 | 6.91} 5.66) 6.75 .00 00 
2 | 6.44} 5.34, 5.95 50 50 
3 | 4.58] 4.18) 5.10 1.65 1.05 
4 | 4.63 | 3.73) 4.30 3.55 1.89 
5 | 3.62] 2.65) 3.50 6.25 2.77 
6 | 2.44] 1.99) 2.70 9.75 4.03 
7 11.68] 1.52) 1.90 14.05 5.51 
8 {1.10} .90) 1.15 19.15 6.90 
9 50} .50 50 25.10 8.23 
10 00; .00 00 31.85 | 10.67 
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Fic. 2. Learning curves for the 4, 6-, 8-, 
and 10-unit problems under Cond. I (no 
instruction) 


graphically in Fig. 2 and 3, while the 
corresponding SD’s are shown in Fig. 
4 and 5. Perhaps the most striking 
(although certainly not the most sig- 
nificant) feature of these data when 
presented in this form is the initial 
wide separation of the curves. The 
explanation for this separation is that 
the chance-error base line is different 
for each condition as pointed out pre- 
viously. Examination of the SD’s in 
Fig. 4 and 5 reveals a corresponding 
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Fic. 3. Learning curves for the 4-, 6-, 8-, and 
10-unit problems under Cond. II (instruction) 


4-, 6-, 8-, and 10-unit problems under Cond. I 


(no instruction) 


wide separation for the different con- 
ditions. In addition, it is apparent by 
inspection of Fig. 2 and 3 that learning 
was accelerated when the Ss were 
given detailed instruction (Cond. II). 

It should be evident that no legiti- 
mate comparisons among means for 
the various length.conditions are pos- 
sible with the data in this form. 
Although several conversions could be 
made, perhaps the simplest is to ex- 
press each obtained score as a pro- 
portion of the corresponding expected 
chance score indicated in Column D of 














Fic. 5. SD’s on Trials 1 through 25 for the 
4-, 6-, 8-, and 10-unit problems under Cond. II 
(instruction) 
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Fic. 6. Converted learning curves for the 
4-, 6-, 8-, and 10-unit problems under Cond. I 
(no instruction). The mean error for the 20 Ss 
in each group has been plotted for every fourth 
trial as a proportion of the corresponding chance 
score. 


Table 1. As a convenient final step, 
subtracting 1 from this proportion will 
result in a value of zero when the 
obtained score is at chance and a mean 
value of —1 when the obtained score 
is zero. In Fig. 6 and 7 the results 
achieved by this particular conversion 
are illustrated. Instead of plotting 
the means for successive blocks of 
trials, the means of the converted error 
values for the 20 Ss in each group were 
determined for every fourth trial, i.e., 
1, 5, 9, ete. 

With the learning curves made com- 
parable, an inspection of the data indi- 

















Fic. 7. Converted learning curves for the 4-, 
6-, 8, and 10-unit problems under Cond. II 
(instruction). The mean error for the 20 Ss in 
each group has been plotted for every fourth 
trial as a proportion of the corresponding chance 
score. 


cates that one of the effects of the 
detailed instructions given to the Ss of 
Cond. II was to shift the relative 
difficulty of the various length condi- 
tions. Under Cond. I the data for the 
6-, 8-, and 10-unit conditions are 
clustered, while the curve for the 4- 
unit condition appears to stand alone. 
Under Cond. II the curves for the 4, 
6-, and 8-unit conditions are clustered 
in general, while now the curve for the 
10-unit condition stands alone. The 
genuineness of this shift in relative 
difficulty is supported by an analysis 
of variance to be described below. 

Analysis of variance-——An analysis 
of variance was performed on the con- 
verted data for Trials 1, 5, 9, and 13 
under the four length conditions and 
the two conditions of instruction. 
Trials 17, 21, and 25 were excluded 
since these trials actually add little to 
the basic trends of the curves, and the 
error for these trials has reached the 
zero level in many cases. In general, 
the experimental design is that de- 
scribed by Lindquist (3, p. 281) as a 
Type III design. 

In accordance with the Type III 
design, the main effect of trials and all 
interactions involving trials are “with- 


TABLE 2 


ANALYsis OF VARIANCE OF ToTAL ERRORS PER 
Triat For Triats 1, 5, 9, anp 13 














Source df 4 F 
Between Ss 159 
Instruction (I) 1 9.94 | 28.40** 
Units (U) 3 2.90 | 8.28** 
IxvU .19 
Error b 152 35 
Within Ss 450 
Trials (T) 3 11.72 | 90.15** 
xI 3 32 | 2.46 
TXU 9 31 2.38* 
pO OP 9 30 | 2.31* 
Error w 456 13 











* Significant at the .05 level. 
** Significant at the .01 level. 
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in” effects, while the main effect of 
number of units and instruction condi- 
tion and their interaction are “be- 
tween” effects. The results of the 
analysis of variance are outlined in 
Table 2. Note that the “between” 
effects are tested against error 5, while 
the “within” effects are tested against 
error w, with mean squares of .35 and 
.13, respectively. To simplify the 
computation, the constant —1 was 
not subtracted from the ratio values 
used in the analysis. 

The interpretation of the analysis is 
straightforward. The instruction con- 
ditions and the number of units are 
both highly significant sources of 
variance. The trials effect is, of 
course, significant, as are two of the 
interactions involving trials. The sig- 
nificant Trials X Units interaction in- 
dicates that the difference between the 
unit means varies as a function of 
trials, while the significant Trials 
X Units X Instruction interaction in- 
dicates that this latter effect itself 
varies as a function of the instruction 
condition. The significant triple in- 
teraction supports the indication of a 
shift in relative difficulty of the prob- 
lems involving different numbers of 
units, which was apparent from visual 
inspection of Fig. 6 and 7. Further 
substantiation of this shift in difficulty 
is provided by additional tests of sig- 
nificance described below. 

t-test comparisons.—To make cer- 
tain t-test comparisons, error terms 
were derived from the within-cells 
mean square determined from simple 
within-between analyses of the data 
on Trials 1, 5, 9, and 13 for both 
Cond. I and II. The particular t-test 
comparisons described are perhaps 
best understood if reference is made to 
Fig. 6 and 7. In the present case, 
relative difficulty is not easily deter- 
mined since the learning curves cluster 
initially and then again when the 


majority of Ss have learned the 
sequence. For present purposes, com- 
parisons on Trials 5, 9, and 13 would 
seem to provide an adequate measure 
of relative difficulty, however. 


Under Cond. I: None of the differences on 
Trial 1 are significant. Since these mean values 
are clustered about chance, it is evident that 
none differ from chance as well. Briefly stated, 
the difference between the 4-unit and 8-unit 
means is significant at the .01 level on Trials 5 
and 9 and at the .05 level on Trial 13. On the 
other hand, none of the differences between the 
8-unit and 10-unit means are significant for these 
trials. ‘These six comparisons are sufficient to 
establish the fact that the apparent separation 
of the 4-unit curve from the others is not a chance 
effect. 

Under Cond. II: On Trial 1 the difference 
between the extreme values (4-unit and 8-unit) 
is significant at the .05 level. On Trial 5 the 
difference between the 10-unit and the 8-unit, 
and on Trial 9 the difference between the 10-unit 
and 6-unit means, are significant at the .05 and 
01 levels, respectively. On Trials 5 and 9 the 
extreme values of “clustered” curves are not 
significant. These tests substantiate the separa- 
tion of the 10-unit from the “clustered” curves 
on Trials § and 9. On Trial 13 the 6-unit value 
is significantly different (,05 level) from the 8- 
unit but not from the 10-unit mean. 


Individual unit error—The data 
relating to error on individual units 
within each of the unit and instruction 
conditions are too numerous to be 
presented in their entirety in the pres- 
ent article. However, these data do 
reveal one phenomenon which, al- 
though peripheral to the major purpose 
of the study, may be of general theo- 
retical interest. 

It became apparent during the 
course of the study that many Ss 
showed a tendency to avoid pressing 
certain buttons, particularly the but- 
ton representing the first unit in the 
correct sequence. This tendency was 
apparent both from a casual observa- 
tion of the high level of error made 
before Unit 1 was finally pressed and 
by implication from S’s manner and 
side comments. Frequently, S would 
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press the buttons for all of the units 
except Unit 1, with the result that 
when Unit | was finally pressed, all of 
the other lights on the panel would go 
out. (It should be remembered that 
the error score for Unit 1 is defined 
as the total number of presses made 
before Unit 1 is pressed.) Examina- 
tion of the converted error data for 
individual units revealed that this 
avoidance tendency was present to a 
significant extent only under Cond. I, 
and was most pronounced for the first 
unit of the 10-unit problem and here 
for those Ss who eventually discovered 
the correct sequence within the 25- 
trial period. Figure 8 illustrates the 
difference in error trend on the first 
unit of the 10-unit problem between 
the 10 Ss who reduced their total 
error score to zero on three consecu- 
tive trials and those 10 Ss who were 
still making errors at the end of 25 
trials. The .95 confidence interval 
(based on the ¢ distribution for 9 df) 
was determined using the SD of the 
appropriate chance-error distribution 
to derive an estimated standard error 
of the mean for samples of ten cases. 
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Fic. 8. A comparison of the mean error on 
the first unit of the 10-unit problem between 
those Ss who eventually learned the sequence 
and those who did not. The data are from Cond. 
I (no instruction). 


Figure 8 indicates that those Ss who 
eventually learned the sequence, al- 
though initially responding at a chance 
level, were by the third trial delaying 
or avoiding the first correct response 
to an extent that exceeds the .95 con- 
fidence limit. From this point on, 
these Ss as a group showed a rapid 
reduction in error on this first unit 
until by Trial 15 (and from then on) 
all of these Ss were pressing the cor- 
rect button for their first response. 
Those Ss who did not learn the 
sequence within 25 trails, on the other 
hand, do not show this avoidance 
tendency. These latter Ss show little 
deviation from a chance level of per- 
formance for the first 15 trials. 


Discussion 


The relative difficulty of complex 
rational learning problems of various 
lengths was found to shift when detailed 
instruction on the principles underlying 
solution of the problem was given. In 
addition, this instruction in underly- 
ing principles improved performance 
generally. 

It is evident from these data that one 
cannot postulate any linear or exponen- 
tial function as underlying the length- 
difficulty relationship in the present task; 
such a view would represent an over- 
simplification of the problem since this 
relationship appears to be greatly influ- 
enced by S’s conception of the task and 
his knowledge of underlying principles. 
This finding is consistent with the evi- 
dence cited by McGeoch (5) to the effect 
that conditions such as practice, method 
of measurement, and nature of material 
have been shown to influence the length- 
difficulty relation in human learning. 

Although our specific conclusions can- 
not be generalized much beyond the pres- 
ent task, the finding of a shift in relative 
difficulty when instruction in underlying 
principles is given suggests possibilities 
for further research in the equipment 
malfunction diagnosis or “trouble-shoot- 
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ing” area. The data provide some evi- 
dence, for example, for the supposition 
that if the underlying logical structure of 
a group of problems is the same, length 
or complexity may be varied within limits 
without increasing the over-all difficulty 
of the task. 

The finding that Ss who eventually 
learned the correct sequence tend to show 
a systematic avoidance of the first unit 
in some cases indicates something of the 
nature of the learning process in the pres- 
ent task. There would seem to be a fairly 
straightforward explanation for this 
avoidance tendency at least on an anec- 
dotal level: The Ss of Cond. I were told 
that their task was to get all of the lights 
burning at the same time with the fewest 
possible button presses. No mention 
was made of sequence nor of the fact that 
each light controlled the action of other 
lights to a varying degree; these prin- 
ciples were left for § to discover. It is 
reasonable to suppose, therefore, that 
initially S assumes the total number of 
lights durning simultaneously to be a 
measure of closeness to final solution of 
the task. Perhaps S notices in the first 
few trials that one button turns out all of 
the other lights burning (only the first 
unit does this). Thus, he interprets 
pressing this button as an error on his 
part—as something to be avoided. On 
succeeding trials he avoids pressing this 
button as long as possible with the result 
that his total error score, which is an- 
nounced to him, starts to climb higher 
and higher. Sooner or later S is likely 
to try a new approach. As many Ss 
verbalized it, “I thought I would try 
pressing that button frrst instead of last.” 
This new approach, of course, greatly 
reduces S’s total error score, which, it 
may be assumed, confirms his hypothesis. 
Although this explanation is consistent 
with most of the facts, it is, of course, 
ad hoc and thus suspect until verified by 
further experimentation. 


SUMMARY 


The effect of instruction on the length-diffi- 
culty relationship was studied for a complex 
rational learning task. Data were obtained for 
problems 4-, 6-, 8-, and 10-units in length, both 
with and without instruction in the principles 
underlying solution of the problems. The task 
involved the discovery of the correct sequence in 
which to depress a row of buttons, utilizing the 
information on relative sequence position which 
could be deduced from the dependency relations 
of a corresponding panel of lights. The Ss were 
160 basic trainees at Lackland Air Force Base. 

It was found that when no specific instruction 
was given, the 6-, 8-, and 10-unit problems were 
of approximately equal difficulty, while the 4 
unit problem was significantly less difficult. 
With instruction in underlying principles, on the 
other hand, the 4-, 6-, and 8-unit problems were 
found to be of approximately equal difficulty, 
while the 10-unit problem was now relatively 
more difficult. In addition to the shift in relative 
difficulty, the detailed instructions were effective 
in reducing error scores generally for all of the 
conditions. 
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A TEST FOR SIGN-GESTALT EXPECTANCIES UNDER 
CONDITIONS OF NEGATIVE MOTIVATION 


LEIGH MINTURN 
Cornell University 


The present experiment is intended 
as an investigation of the minimal 
conditions necessary for latent learn- 
ing to occur. Its design should be 
considered in conjunction with the 
designs of two other experiments, that 
of Tolman and Gleitman (4) and of 
Seward (3). 

In the Tolman and Gleitman experi- 
ment (4) the animals were trained to 
go for food to either of two end boxes 
in a T maze. Following this pro- 
cedure, the end boxes were removed 
and the animal was shocked on one 
of them. The results showed that on 
the test run, the animals avoided the 
box in which they had been shocked. 
Seward (3), in a similar experiment, 
let his rats wander in a T maze and 
then rewarded them in one of the 
boxes. He found that the rats did go 
to the box containing food. 

This experiment is, in effect, a com- 
bination of the procedures of the 
above experiments. The purpose was 
to discover whether or not latent learn- 
ing would occur with the type of train- 
ing used by Seward—i.e., wandering, 
and negative, rather than positive, 
motivation—in the test situation. 
Therefore, the animals were trained 
in a manner similar to that used by 
Seward, but shock was used as the 
motivation for the test situation, as in 
the Tolman and Gleitman experiment. 


METHOD 


Apparatus.—The maze is similar to that used 
by Tolman and Gleitman (4) (Fig. 1). A piece 
of beaver board 6 in. long was placed on the floor 
of the maze just to the right of the starting alley, 
and a piece of hardware cloth of the same area 
was placed to the left. The interior of the left 
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goal box was painted with vertical black and 
white stripes about 2 in. wide. In the right goal 
box, one half of each interior side was painted 
black, and one half white, in such a way that 
the box had two black and two white corners. 
The end boxes were of approximately equal vol- 
ume and brightness, but varied in shape, wall 
pattern, and direction of grid. Each box had a 
door that was used when S was being shocked. 
The experiment was run in a small room contain- 
ing no equipment other than the maze. The 
room was lighted by a double fluorescent over- 
head light. 

Subjects —The Ss were 10 female, and 16 
male, hooded and albino rats, ranging in age 
from 60 to 80 days. They were kept in com- 
munal cages, with 5 or 6 rats in a cage. Food 
and water were available at all times in the 
cages. 

Training procedure—The Ss were placed in 
the maze in groups of 5 or 6 cage mates at a time. 
They were allowed to wander freely for 10 min. 
This procedure was repeated for ten consecutive 
days, so that the total training period consisted 
of 100 min. of maze wandering. On the first 
day and the last three days, all Ss were placed 
in the maze at the starting alley. On Days 2 
through 7, Ss were placed in the other parts of 
the maze in a random order such that in the 
course of these six days, each S had been put 
into the maze at the goal boxes, at the two end 
alleys, and at the two choice-point alleys. 

Test procedure.—Two days after the last train- 
ing day, the end boxes were moved to another 
room. Each S was placed individually in one 
of the end boxes and given a violent shock at 
10-sec. intervals for a total of 60 out of 120 sec. 
The S was left in the cage for an additional 30 
sec. after the cessation of the final shock and then 
removed. Half of the Ss were shocked in the 
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left goal box and half in the right goal box. 
Approximately 2 hr. after being shocked, each S 
was again placed in the starting alley of the maze 
and allowed to wander for 10 min. 


RESULTS 


The following measures were taken 
for each test: the first turn, the first 
turn as far as the junction of the 
choice-point alley and the end alley, 
the first end box entered, the total 
number of times each end alley was 
entered, and the total number of times 
each end box was entered. 

The results of all measures are sum- 
marized in Table 1. Neither of the 
measures of first turn shows any evi- 
dence of latent learning. There is a 
slight tendency to enter the nonshock 
goal box first, but the difference does 
not approach significance. (The NW of 
this measure is 25 because one S did 
not enter either goal box.) The total 
number of times that all Ss entered 
either end alley or either end box fails 
to show any evidence that Ss were 
avoiding the shock end box. These 
results are undoubtedly influenced by 
the fact that Ss, having once entered 
the shock end box “discovered” that 
they no longer received shock there. 
However, many Ss showed no signs of 
anxiety or caution when first approach- 
ing the shock end box. Twenty-three 
of the 26 Ss entered the shock end box 


TABLE 1 


Frequency or Various BEHAVIORS 
DURING TEST 











Measure End Box | ‘End Bor 

First turn 14 12 
First turn to one-end 

alley 12 14 
First end box entered 9 16 
Total entrances into 

end alley 279 275 
Total entrances into 

end boxes 129 134 
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at least once, and the vast majority 
of these entered it several times. 


Discussion 


It is certainly not surprising that the 
results of this experiment differ from 
those of Tolman and Gleitman. There 
are a number of differences between the 
two experiments which might reasonably 
be expected to yield different results. 
The Tolman and Gleitman experiment 
used : (2) somewhat more extensive train- 
ing for the rats, (4) more sharply differen- 
tiated goal boxes, and (c) reinforcement 
during training. These three are prob- 
ably the most important differences. 

One explanation of these results de- 
serving particular note is that they are 
attributable to the omission of the baffles 
and hurdles in this adaptation of the 
Tolman and Gleitman maze. Miller (2) 
would criticize the Tolman and Gleitman 
experiment on the basis that the rats had 
acquired two different anticipatory goal 
responses. Tolman and Gleitman agree 
that in order to settle this question, the 
experiment should be repeated using end 
boxes which differ only in perceptual 
characteristics. These were the condi- 
tions in the present experiment. The 
differences in the procedure of the two 
experiments make definite refutation im- 
possible. However, in view of the fact 
that Seward’s results have not yet been 
verified, it should be pointed out that 
this experiment dogs not confirm the 
Tolman and Gleitman prediction. 

The inconsistency between these re- 
sults and those of Seward is somewhat 
more difficult to explain, since in both 
experiments the training consisted of 
group exploration of the maze in the 
absence of reinforcement. The total 
amount of time spent in training in the 
maze is almost the same (93 vs. 100 min.); 
however, Seward did give his Ss pre- 
liminary training on a runway, which was 
not the case in the present experiment. 
Two other procedural differences suggest 
themselves as being more important. 
First, Seward’s Ss were fed for 1 hr. a 
day after each experimental session, and 
were probably hungry at the time of the 
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experiment. Since, for the present expe- 
riment, food and water were always pres- 
ent in the cages, Ss were presumably not 
hungry during experimentation. 


It should be noted that since they involve 
combining isolated experiences in order to arrive 
at a solution, the Seward experiment, the Tolman 
and Gleitman experiment, and this experiment 
should perhaps more properly be called reasoning 
experiments like those of Maier (1) than latent 
learning experiments. However, the procedure 
of the present experiment is too different from 
that of Maier to permit comparison of results. 


A second, and perhaps the most inter- 
esting, difference between the two experi- 
ments is that Seward’s used a positive 
reinforcement (food) and the author used 
a negative reinforcement (shock). The 
use of only shock in the experiment means 
that S§ is not conditioned to go to any 
specific place, but simply to avoid a par- 
ticular place. The data on the first goal 
box entered as compared to the first-turn 
data show that there was some tendency 
for Ss to turn back if they initially turned 
toward the box in which they had been 
shocked. On the basis of the goal-gra- 
dient hypothesis, one might suppose that 
the amount of anxiety conditioned by 
shock in the box was not great enough to 
be operative at the choice point, but 
functioned, if at all, only at some point 
in the alley nearer to the shock box. 

The results of this experiment will not 
embarrass the exponents of the S-R, or 
those of the sign-gestalt, theories of 
learning, nor were they intended to do so. 
They simply indicate that more precise 
work in the specification of the dimen- 
sions of relevant variables is necessary 
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before a systematic statement can be 
made concerning the necessary and suffi- 
cient conditions for the occurrence of 
latent learning. 


SUMMARY 


Twenty-six albino and hooded rats were 
allowed to wander through a modified T maze 
for 10-min. periods on each of ten successive 
days. The end boxes of the maze were differen- 
tiated in terms of shape, pattern of walls, and 
direction of floor grid. Following the training, 
the end boxes were removed to another room, 
and Ss were shocked in one of the boxes. They 
were then replaced at the start of the maze, and 
their behavior recorded. The results show no 
initial tendency to avoid the negative goal box. 
There is some tendency for Ss to turn back after 
entering the alley leading to the negative box, 
but this difference is not significant. The results 
are discussed in connection with the Seward and 
the Tolman and Gleitman experiments. 
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FURTHER STUDIES OF REMINISCENCE EFFECTS WITH 
VARIATIONS IN STIMULUS-RESPONSE RELATIONSHIPS 


DONALD A. RILEY! 
University of California 


In three previously reported ex- 
periments (6), a single 2-min. rest 
benefited learning speed of paired- 
associate nonsense syllables, if, before 
the rest, Ss were required to practice 
incorrect competing responses as well 
as the correct responses. The three 
experiments that were reported may 
be summarized as follows: In Exp. 1 
the incorrect competing responses 
were weaker than the correct re- 
sponses at the time of the rest in- 
terval; in Exp. 2 incorrect responses 
were not practiced prior to the rest 
interval; in Exp. 3 the incorrect 
competing responses were stronger 
than the correct responses at the time 
of the rest interval. Comparison of 
the rest condition of each experiment 
with its nonrest control group showed 
that the rest interval had a beneficial 
effect on postrest learning of the 
correct responses in Exp. 1 and 3, 
but not in Exp. 2. Because of the 
results of Exp. 3, it was concluded 
that the findings did not support a 
differential forgetting hypothesis. 
The two experiments reported in this 
paper were designed to test other 
hypotheses that might account for 
the reminiscence effects. 

The first experiment of this paper 
(called Exp. 4 for convenience) is a 
repetition of Exp. 2, with the excep- 
tion that ten prerest trials with the 
correct responses were given instead 
of the six prerest trials given in 
Exp. 2. This procedure was followed 
to test the possibility that the reminis- 


1The writer wishes to thank Mr. John 
Morledge for his assistance in the collection 
of the data. 


cence effect observed in Exp. 1 and 
3 was due to the effects of the ten 
prerest trials given in these experi- 
ments. 

The second experiment (Exp. 5) 
was conducted to test the hypothesis 
that the reminiscence effects found in 
Exp. 1 and 3 were dependent on the 
competition of responses attached to 
the same stimuli. If this interpreta- 
tion is correct, then reminiscence 
effects found in Exp. 1 and 3 should 
be reduced or should disappear when 
the competing responses are associated 
with a different set of stimuli from 
those associated with the correct re- 
sponses. This was done in Exp. 5, 
which repeated Exp. 1 except for this 
change. 


- METHOD 


Procedure.—The experimental procedure was 
essentially the same as that reported in the 
earlier paper (6). All Ss were pretrained by 
requiring memorization, by the anticipation 
method, of a set of eight pairs of three-letter 
words that appeared at a 2-sec.—2-sec. rate on a 
memory drum for eight trials in six different 
orders. An 8-sec. rest occurred after each trial 
except the fourth, when Ss named colors for 2 
min. from a set of cards covered with colored 
squares. Colors were named at a 2-sec. rate. 
Except for the use of nonsense syllables, the same 
learning and color-naming procedures were used 
in the main task of the two experiments. An 
interval of about 2 min. elapsed between the pre- 
training and main tasks. 

In Exp. 4, Ss learned the set of syllables that 
was used to measure the effect of rest in Exp. 
1, 2, and 3. This list (called List B) consisted 
of eight pairs of syllables that were presented in 
six different orders. The stimulus items and the 
response items averaged 15% association value 
according to Glaze’s lists (3). The items were 
maximally dissimilar in accordance with rules 
described in the previous paper. Following 
Trial 10, Ss in Group E4 named colors for 2 min., 
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Fic. 1. Mean difference between control and 
experimental groups to successive syllable cri- 
teria in the five experiments 


and then continued the learning task until all 
syllables were correctly anticipated in the same 
trial. Group C4 was treated the same as Group 
E4, except that no rest interval occurred. 

In Exp. 5, Ss learned List A for four trials 
before learning List B. List A was made up of 
eight pairs of syllables that averaged 15% 
association value (3) and that were maximally 
dissimilar among themselves and from the 
syllables of List B according to the rules de- 
scribed in the previous paper. Unlike Exp. 1 
and 3, in which only the response syllables 
changed, in Exp. 5 both the stimulus syllables 
and the response syllables changed from List A 
to List B. Immediately following the four trials 
of List A, Ss were switched without a break to 
the learning of List B, which Ss continued to 
learn until one perfect recitation was performed. 
In Group ES the 2-min. color-naming period was 
introduced after the sixth trial of List B. Group 
C5 had no color-naming interval between Trials 
6 and 7 on List B. Four different orders of List 
A and six different orders of List B were used. 

In Exp. 5, Ss were told during the instructions 
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Fic. 2. Mean syllables correct on prerest and 
postrest trials of Exp. 1 and 2 


that some of the syllables would change during 
the learning, and that when they did, Ss would 
just have to make the best of the situation and 
learn whatever was present. This was not 
stated in Exp. 4. 

Subjects —The Ss were 80 elementary psy- 
chology students of the University of California, 
20 Ss in each condition of each experiment. 
These Ss were closely matched by pairs on the 
basis of the trials which preceded the rest interval 
in the experimental groups. 


RESULTS 


The main results of Exp. 4 and 5 
are summarized in Fig. 1 and 2 and 
Table 1. Figure 1 shows the mean 
difference between the rest (E) and 
the nonrest (C) groups for each 
successive syllable criterion for the 
two present experiments and for the 
three previous experiments. As in 


TABLE 1 


Mean Triats to SuccesstveE SYLLABLE CRITERIA ON List B anp Mean DiFFERENCES 
BETWEEN THE ConpiTiIons or Exp. 4 anp Exp. 5 














Experiment 4 Experiment 5 

Correct 
Syllables 

E4 c4 Diff. oaitt. ES Cs Diff. @aitt. 

1 3.30 3.30 .00 _— 5.50 5.75 25 .216 

2 5.80 5.70 10 523 9.00 10.00 1.00 1.176 

3 9.05 9.55 50 .942 12.15 15.55 3.40 1.127 

4 11.95 12.80 85 1.077 17.65 21.20 4.15 1.678 

5 16.05 17.05 1.00 2.113 20.10 26.75 6.65 2.450 
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the previous paper, these data are 
presented only to five out of eight 
syllables correct. This procedure was 
adopted because some Ss failed to 
reach one perfect recitation in the 
allotted time, but all Ss in all experi- 
ments reached the § criterion. Figure 
2 shows the mean number of correctly 
anticipated syllables per trial in the 
rest groups (E) and in the nonrest 
groups (C). These curves:are carried 
to the first trial on which the most 
rapid learner first achieved an error- 
less performance. In Exp. 4 this 
occurred on the fifth postrest trial, 
and in Exp. 5 on the tenth postrest 
trial. Table 1 contains the mean 
number of trials to each successive 
syllable criterion for the two condi- 
tions of both experiments and the 
mean difference and its standard 
error at each point. 

Experiment 4.—Figures 1 and 2 
show that the introduction of a color- 
naming period after ten trials of 
learning a single list of paired asso- 
ciates had no appreciable effect on 
the postrest performance. Table 1 
shows that all #’s are less than 1.00. 
Although Fig. 1 suggests that the rest 
period after Trial 10 in Exp. 4 may 
have produced a relative reminiscence 
effect as compared with the rest 
period after Trial 6 in Exp. 2, a t 
test run at the criterion of four 
correct (the point of maximum differ- 
ence between the two sets of data) is 
not significant at the .10 level of 
confidence (¢ = 1.64, df = 38, two 
tails). 

Experiment 5.—The results of Exp. 
5 are in general agreement with those 
of Exp. 1 and 3 in several respects. 
First, Fig. 2 shows that Group E 
became superior to Group C on the 
second postrest trial, and remained 
superior on the following trials. For 
the first ten postrest trials, non- 
homogeneity of trial variances based 


on C-E differences prevented a test of 
trend. However a t test based on the 
20 mean differences for the ten trials 
was significant at the .05 level of 
confidence (¢ = 2.28, df = 19, two 
tails). Second, as in Exp. 1, reminis- 
cence did not appear on the first 
postrest trial. Finally, the mean dif- 
ference between Groups C5 and E5 
in number of trials to reach a given 
syllable criterion increases with suc- 
cessive syllable criteria (Fig. 1). A 
t test of the difference at the § criterion 
showed it to be significant at the .02 
level of confidence (¢ = 2.71, df = 19, 
two tails). 

As in the previous experiments, an 
analysis was made of the overt errors, 
and again no important differences 
were found. The total number of 
interlist intrusions was very small, 
totaling 11 in Group C5 and 13 in 
Group E5. By the sixth trial of 
List B, this type of error had virtually 
ceased, so that no effect of the rest on 
the error could be measured. The 
intralist errors, which were more 
numerous, were examined on the first 
five trials after the rest in Group ES. 
On these trials, Group E5 averaged 
4.15 errors; Group C5 averaged 4.5 
errors. This slight difference was not 
statistically reliable (cair, = .88), and 
no other relationship of any conse- 
quence was found in the error analysis. 

Speed of learning.—In the previous 
paper, it was observed that Ss in Exp. 
1 learned more slowly than Ss in Exp. 
2, and it was suggested that this 
difference might be due to differences 
in the samples (summer session vs. 
regular session) rather than to the 
experimental operations, because Ss 
in Exp. 3 learned about as rapidly as 
Ss in Exp. 2. It was argued that if 
List A was to influence the speed of 
learning of List B, it should influence 
it when the design is B-A-B (Exp. 3) 
as well as when A-B (Exp. 1). The 
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TABLE 2 


Anatysis of VARIANCE OF THE DirFERENCES IN SLOPE FOR THE First Six TRIALs 
or Exp. 4 anp 5 anp THE Fiast Six Triats or Exp. 1 ann 5 

















Exp. 4 and 5 Exp. 1 and 5 
Source df 
Mean Square F Mean Square F 
Slope for combined exp. 1 3.6742 3285 
Difference between slopes 1 6445 61.62 4327 68.03 
Difference between exp. 1 1.4364 1529 
Peake in 
esidual in 

Residual in 5 8 0105 0064 

Total 11 




















results from the present experiments 
strongly suggest that this interpreta- 
tion was incorrect, and that the trials 
spent in learning List A did impede 
the learning of List B. The Ss used 
in Exp. 5 differed in no known way 
from those of Exp. 2, 3, and 4, but 
again the speed of learning is quite 
comparable to the learning speed of 
Exp. 1, the mean of C5 to § being 
26.75 trials, and the mean of Cl being 
27.50 trials (¢ = .107, df = 38). 

In order to test the statistical 
reliability of the negative effect of 
learning List A on the learning of List 
B in Exp. 5, a measure of the early 
learning was obtained by fitting a 
least-squares straight line to the first 
six trials of List B in Exp. 5, and 
fitting a similar straight line to the 
first six trials of Exp. 4. The slope 
of this line was .46 in Exp. 4 and .19 
in Exp. 5. The significance of the 
difference between these two slopes 
was tested by an analysis of variance 
summarized in Table 2. The only F 
test of interest is that which compares 
the variance attributable to the differ- 


ence between the two slopes with the 


error term, the pooled variance about 
each slope. This F of 61.62 is sig- 
nificant at the .001 level of confidence. 
To determine whether the change in 
procedure from Exp. 1 to Exp. 5 


reduced the interfering effect of List A 
on List B, the difference between the 
slopes of the first six trials of List B 
in Exp. 1 and 5 was analyzed in the 
same way. Since the slope of .086 in 
Exp. 1 was significantly less than the 
slope in Exp. 5, it appears that the 
change in technique did reduce inter- 
ference (F = 68.03; p = .001). 


Discussion 


As expected, the results of Exp. 4 are 
completely consistent with previous find- 
ings (4, 6) and throw little additional 
light on the rest-interval problem. They 
are important only in that they demon- 
strate that with the procedures used in 
these experiments, the 2-min. rest after 
ten trials of only one task does not benefit 
postrest performance. 

In the introduction, the proposition 
was stated that if the reminiscence effects 
observed in Exp. 1 and 3 were related to 
the response competition traditionally 
assumed to be caused by the S,R,-S,R, 
paradigm (1), then attaching these 
different responses to different stimuli 
should decrease the interference and, 
consequently, also decrease the reminis- 
cence effects. The results of Exp. 5 
do not support this hypothesis. The 


beneficial effects of the rest are main- 
tained in Exp. 5 despite the decrease in 
the interference effect from Exp. 1 to 
Exp. 5. These results seem in agree- 
ment with the findings of Underwood 
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(7, 8) that variations in intralist simi- 
larity may influence speed of learning 
without changing the effects of distribu- 
tion of practice. These facts, plus the 
finding of Hovland and Kurtz (5) that a 
10-min. addition task preceding learning 
influences the effectiveness of a rest 
interval, strongly suggest that competi- 
tion of other responses with the responses 
designated as correct is not a determiner 
of reminiscence effects. 


SUMMARY 


Two experiments were conducted to evaluate 
hypotheses advanced to account for reminiscence 
effects found in paired-associates learning 
situations (6). The first hypothesis was that 
the reminiscence effects found in the previous 
experiments were a function of the number of 
prerest trials, and were not related to the 
presence of competing prerest tasks. As bene- 
ficial effects of a rest were not found in a simple 
paired-associate task despite an increase in the 
number of prerest trials over that in an earlier 
experiment, this hypothesis was not supported. 
The second hypothesis was that the reminiscence 
effects obtained in the previous experiments 
were related to the presence of two sets of 
competing responses that S was required to 
practice to the same stimuli prior to the rest 
interval. The hypothesis was tested by requir- 
ing S to practice two different sets of responses 
as before, but in the present experiment the two 
sets of responses were attached to different sets 
of stimuli. This hypothesis was not confirmed 
since, as in the previous experiments, reminis- 
cence effects were observed in the present 


experiment despite the presumed elimination of 
the competing responses to the same stimuli. 
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ON THE INTERPRETATION OF WORD FREQUENCY AS 
A VARIABLE AFFECTING SPEED OF RECOGNITION 


DAVIS HOWES! 
Aero Medical Laboratory, Wright Air Development Center 


The duration for which a printed 
English word must be presented visu- 
ally to a subject in order for him to 
recognize it is inversely correlated 
with the frequency of occurrence of 
the word in large samples of written 
English (2, 3, 4, 7,8, 11). Since the 
former quantity (the duration thresh- 
old) is generally regarded as a percep- 
tual variable and the latter (word fre- 
quency) as a response variable, this 
correlation offers a point of departure 
for the formulation of perceptual phe- 
nomena in behavioral concepts. The 
object of the present study is to test 
experimentally an assumption basic 
to one interpretation of this correla- 
tion. A mathematical formulation of 
the experimental data based upon this 
interpretation will be presented in a 
subsequent report. 

The interpretation to be considered 
here can be characterized asa response- 
emission theory. We may think of 
the momentary probability of a word 
(defined as the strength of S’s tend- 
ency to emit that word in preference 
to any other) as a quantity that fluc- 
tuates widely from moment to moment 
in accordance with changes in innu- 
merable environmental and orgarismic 
conditions that affect the emission of 
words. Over a time period of consid- 
erable length the average of these 
momentary probabilities will be a rela- 
tively stable statistic, which we shall 
call the base probability of the word. 

Visual exposure of a word to S for a 
brief length of time At is assumed to 
represent an environmental event 
tending to cause emission of the ex- 


1 Present address: Wrightsville Beach, N. C, 


posed word. The momentary proba- 
bility of a word following its exposure 
may therefore be analyzed into two 
components: a component due to the 
ordinary impulses to emission of the 
word, whose average value is the base 
probability; and a component due to 
the additional impulse of the word’s 
visual exposure. Consequently, the 
average probability of a word follow- 
ing each of a number of exposures 
of given duration must be greater 
than the corresponding average base 
probability of the word. Agiven level 
of probability following exposure can 
result either from a relatively large 
component due to base probability 
plus a small additional component due 
to exposure or from a relatively small 
component due to base probability 
plus a large additional component 
due to exposure. It follows that the 
duration threshold of a word, which 
is defined as the duration of exposure 
for which 50% of S’s reports following 
exposure are correct, will be lower for a 
word with high base probability than 
for a word with low base probability. 

In this interpretation of the experi- 
mental data, word frequency serves as 
an estimate of base probability. In 
the cited experiments word frequency 
was determined from the published 
tables of the Lorge magazine count 
(10).2- This count is based on a sample 
of 4.5 million words of text taken 
from issues of five popular magazines 


2 In some of the experiments the Thorndike- 
Lorge semantic count was also used. Since the 
correlations with duration threshold are about 
the same whether the semantic count or the 
magazine count is used (3), only the latter will be 
considered here. 
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dating from the period 1928-1939. 
The principal experiment correlating 
duration threshold with word fre- 
quency, however, was carried out in 
the summer of 1948 with Harvard 
undergraduates as Ss (3). Hence the 
question arises: to what extent can 
word frequencies based on the lin- 
guistic behavior of magazine writers 
in the 1930’s represent the average 
base probabilities of Harvard students 
in 1948? We shall consider that 
question here as it applies to the 75 
words used in the two main recogni- 
tion experiments (3, Table 1 and p. 
406). 


PROCEDURE 


To ascertain directly the degree of relation- 
ship between word frequency and base proba- 
bility we would need to correlate magazine-count 
frequencies with frequencies obtained from a 
sample of comparable size taken from the total 
linguistic production of Harvard undergraduates 
in the summer of 1948. Preparation of a count 
of student language on such a scale, however, is 
at present unfeasible. Correlation of magazine- 
count frequencies with frequencies based on a 
small sample of student language would be unsat- 
isfactory because many of the words used in the 
recognition experiments have very small proba- 
bilities that could not be estimated from samples 
of less than a million words. We are therefore 
forced to rely upon an indirect technique of 
measuring the degree of relationship. 

Three experiments are reported below. In 
each experiment, student Ss were asked to rank 
a set of words according to the frequency with 
which those words are used by their own college 
community. The rank of a word, averaged over 
all Ss, is assumed to estimate the relative base 
probability of the word for that population. In 
other words, it is assumed that a group of stu- 
ents who are asked which of two words they use 
more frequently will, more often than not, choose 
the word that in actual fact occurs more fre- 
quently. These student ranks were then corre- 
lated with ranks for the same words based on the 
magazine-count tables in order to obtain an esti- 
mate of the degree of correlation between relative 
base probability and relative magazine-count fre- 
quency. Strictly considered, the results of this 
type of test apply only to ranks, although we 
shall see later that under certain conditions they 
also apply to the frequencies themselves. 

The studies to be described all depend on the 


same computational procedures. To obtain 
data representing the population of students as a 
whole, the ranks assigned each word by the 
different Ss were totalled and a set of average 
ranks computed for these totals. These average 
ranks were then correlated with magazine-count® 
rank by means of Spearman’s coefficient p (6, 
p. 106). In order to correct these rank-order 
coefficients for attenuation, the reliabilities of the 
two sets of ranks had to be estimated. The 
reliability of the students’ estimates was deter- 
mined by a conventional split-half technique. 
The Ss were divided randomly into two sub- 
groups and the words rariked for each subgroup 
just as they were for the total group. The relia- 
bility of the total group was then estimated from 
the rank-order correlation between the two sub- 
groups by means of the Spearman-Brown proph- 
ecy formula (6, p. 194). The reliability of the 
ranks based on magazine-count frequency could 
not be measured by a true split-half technique, 
there being no way to divide the total count 
randomly into two subgroups. But the maga- 
zine count records separately the frequency of a 
word in each of the five different magazines 
sampled. Most of the systematic differences 
between magazines can be cancelled out by pool- 
ing three of them (The Saturday Evening Post, 
Woman’s Home Companion, and Reader’s Di- 
gest) into one subgroup of 2.38 million words and 
the other two (True Story and Ladies’ Home 
Journal) into a second*subgroup of 2.21 million 
words. Rank-order correlations between the 
frequencies of the words in these two subgroups 
were used to obtain an estimate of the reliability 
of the magazine-count ranks. The two relia- 
bility coefficients were then used to correct for 
attenuation the correlation between average 
student ranks and magazine-count ranks. 


EXPERIMENT I 


Method.—This experiment was carried out in 
1948 using 14 Harvard College students as Ss. 
It is therefore directly applicable to the popula- 
tion used in the experiments on duration thresh- 
old. The words were the 25 rarest ones in the 
list of 60 used in the main threshold experiment 
(3, Table 1). It has generally been supposed 
(e.g., 1) that the frequencies of rare words are 
more apt to depend on peculiarities of the sample 
chosen for a word count than are the frequencies 
of common words. The correlation for the 
entire set of 60 words thus should be at least as 
high as the correlation for the 25 rarest ones. 


*The unpublished version, giving the fre- 
quencies for words in their fully inflected forms, 
was used. I wish to thank Dr. Irving Lorge for 
permission to use this version of the count. 
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TABLE 1 


Worns or Exp, I Listep in Orper or Maca- 
zinE-Count Rank wits THEIR 
Averace Stupent Ranks 








Word Rank Word Rank 
celestial 11 erudition 6.5 
assiduous 8.5 conviviality | 14.5 
benign 8.5 etcher 23 
altruistic 2 psychical 22 
amicable 6.5 inductive 3 
mundane 5 pedagogue 13 
condolence 12 vignette 20 
metaphor 1 theistic 19 
frugality 10 statics 18 
beatific 16 elegies 17 
barrister 14.5 chancels 25 
rebuttal 4 uncoerced 21 

percipience 24 














* Same magazine-count frequency. 


The Ss’ instructions were to “rank the words 
in order of their frequency of occurrence among 
Harvard undergraduates. Frequency of usage re- 
fers to occurrence in all forms of language—speak- 
ing and listening, reading and writing. A slight 
emphasis on speaking frequencies is probably 
justified since speech is probably the most basic 
form of language. Use your own verbal behavior 
as typical of ‘Harvard undergraduates’ but take 
into account any very atypical idiosyncracies of 
your speech.” ‘The Ss were also told to consider 
the words in their specific grammatical forms, 
not as root words. Since the words were all 
taken from the lowest frequencies in the maga- 
zine count, there were a number of cases in 
which different words had the same magazine- 
count frequency. Wherever possible, such ties 
were broken by giving the higher rank to the 
word whose frequency is higher in the Thorndike- 
Lorge semantic count (10). This count is based 
on a sample of approximately the same size as the 
magazine count but taken from more literary 
sources, such as the Encyclopedia Britannica, the 
Literary Digest, and miscellaneous novels and 
textbooks. 


Results —Table 1 gives the maga- 
zine-count ranks and the average stud- 
ent ranks for the 25 words of Exp. I. 
The correlation between them is .71, 
corrected for attenuation to .78. 
These correlations are well above the 
usual criteria for statistical signifi- 
cance (in testing significance p was 
interpreted asr). The reliabilities are 


also of interest : for the students’ rank- 
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ings the reliability p is .988; for the 
magazine-count ranks, .835. 


EXPERIMENT II 


Method.—This study, also carried out with 
Harvard College students in 1948, was designed 
to test the upper limit of the students’ ability to 
estimate base probabilities. To this end the 
15 words used in a supplementary threshold ex- 
periment (3, p. 406) were selected. These words 
cover a large range of magazine-count frequency 
(0 to 1,500) and differ by approximately equal 
logarithmic distances, so that no two words are 
in the same frequency range. High reliability 
was assured by including only words that have 
the same rank in both magazine and semantic 
counts. Fourteen Ss were used (no S was used 
in both Exp. I and II). The instructions were 
to rank the words “on the basis of how common 
you think these words are in their usage by 
college students.” 


Results —Magazine-count ranks and 
average student ranks for these words 
appear in Table 2. The correlation is 
.87, corrected for attenuation to .88. 
The reliability of the students’ ranks 
is .991; that of the magazine-count 
ranks, .983. 


EXPERIMENT III 


Method.—A further study was carried out in 
1953 on all 60 words of the main threshold experi- 
ment using Antioch College students as Ss. The 
60 words were divided into three lists having 
approximately the same distributions of maga- 
zine-count frequencies. Each list was given to 
ten Ss. The instructions were to “rank the 
words according to the frequency with which you 


TABLE 2 


Worns or Exp. II Listep my Orper or Maca- 
zinE~Count Rank wita THEIR 
Averace Srupent Ranks 











Word Rank Word Rank ] 
country 1.5 testify 7 
promise 5 surmise 11 
example 1.5 dwindle 9 
balance 3 irksome 12 
welfare 6 vulture 13 
venture x machete 15 
deserve 4 titular 14 

figment 10 
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TABLE 3 


Worns or Exp. III Listep m Orper or Macazine—Count Ranx 
wits Tuer Averace Stupent Ranks 


(Parentheses enclose words with identical magazine-count frequencies) 














Part A Part B Part C 
Word Rank Word Rank Word Rank 
picture 2 government 4 service 3 
market 6 education 1.5 knowledge 2 
friendly 1 sympathy 7 automobile 7.5 
savings 8 oe 1.5 lawyer 9 
spiritual 7 painting 9 religious 5 
hospitality 9 orchestra 10 churches 10 
literary 3 economics 6 heavenly ll 
ensemble 12.5 poetry 8 broker 14 
assets 5 intellectual 3 limousine 17.5 
—- 14 initiative 5 liberties 1 
earthly 11 benign 17 assiduous 15 
reverence 12.5 amicable 12 physics + 
debating 4 mundane 11 condolence 12 
celestial 17 metaphor 13 judiciary 7.5 
altruistic 10 beatific 19 frugality 13 
uncoerced 15 rebuttal 14 erudition 16 
statics 16 barrister 20 etcher 17.5 
vignette 18 conviviality 18 inductive 
pedagogue 19 { theistic 15 percipience 19 
chancels 20 psychical 16 elegies 20 




















think they are used in the Antioch community. 
Frequency of usage here includes all occurrences 
of words, in both written and spoken language, 
during the present school year (1952-53). Con- 
sider the words exactly as they are written, not 
their roots or related forms.” 


Results —The results are shown in 
Table 3. The correlations are .81, 
.82, and .57, respectively, for the three 
parts of the experiment. Corrected 
for attenuation, these’become .85, .84, 
and .60. All are statistically reliable. 
The reliabilities for the students’ esti- 
mates are .950, .982, and .942; for the 
magazine-count ranks, .978, .950, and 
.952, respectively. 


Discussion 


Application to relative base probabil- 
ities —These experiments give rank cor- 
relations between word frequency and 
student estimates of relative base proba- 
bility. They can be interpreted as rank 
correlations between word frequency and 
base probability only on the assumption 


that the student estimates of relative 
base probability were correct. Some 
tests of that assumption need to be 
considered. 

In Exp. II and III each S was asked 
to give a second set of rankings in which 
he ordered the words according to their 
frequencies in his own personal usage. 
The exact instructions in Exp. II were to 
rank the words “on the basis of your 
impression of how common the words are 
to you personally”; and in Exp. III, to 
“rank the words according to the fre- 
quency with which you yourself use 
them.” It will be convenient to refer to 
these as personal ranks and to the ranks 
previously described, where the words 
were ranked according to their use by the 
entire college population, as college ranks. 
Comparison of the two sets of ranks per- 
mits us to test Ss’ ability to rank base 
probabilities. 

Let us observe how the two sets of 
student rankings are related. The base 
probability of a word, if we could measure 
it, would be found to vary somewhat 
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from one § to another. If these personal 
base probabilities were averaged over all 
students in the defined student popula- 
tion, the result would give the base prob- 
ability of the word for the college popula- 
tion. The assumption that the students 
were correct in their estimates of relative 
base probability then implies the follow- 
ing relations: (a) Personal ranks should 
vary from one S§ to another more than col- 
lege ranks, since the former reflect real 
differences in base probability as well as 
errors of estimation whereas the latter 
reflect only errors of estimation. Hence 
the interpersonal correlations for personal 
ranks should be lower than the corre- 
sponding interpersonal correlations for 
college ranks. (4) Personal ranks aver- 
aged over the entire population of Ss 
should (when a sufficiently large sample 
of the population is taken) equal the 
average college ranks.‘ From this it 
follows that magazine-count ranks should 
correlate as highly with average personal 
ranks as with average college ranks. 
The first deduction can be tested by 
comparing the rank correlations for all 
possible combinations of Ss in Exp. II 
and III. For each type of ranking there 
are a total of 91 correlations in Exp. II 
and a total of 45 correlations in each part 
of Exp. III. Well over one-half the 
correlations are higher for the college 
ranks, the proportions being 57/91 in 
Exp. II and 25/45, 32/45, and 29/45 
for the three parts of Exp. III. The 
total proportion, 143/226, is four stand- 
ard-error units above the ratio of 113/226 
that would be expected if there were no 
difference between the two types of cor- 
relations. The superiority of the corre- 
lations for college ranks can also be 
shown by tests for the differences between 
mean correlations. The #s are 3.5 for 


‘This assumes that ranks according to fre- 
quency can be averaged like the actual fre- 
quencies, an assumption that is not generally 
valid. But the deduction here concerns only the 
relative magnitudes of p. Any bias introduced 
by the averaging of ranks should affect all p’s 
alike, since by Zipf’s law (12) the distributions of 
word frequency will be similar. Hence the con- 
clusions should not be affected materially by the 
averaging of ranks. 
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TABLE 4 


CorRELATIONS OF PERSONAL AND oF COLLEGE 
Ranxs with Macazine-Count Ranxs, 
WITH AND WITHOUT CoRRECTION 
FoR ATTENUATION 








Type of Correlation 














Uncorrected Corrected 
Personal | College | Personal| College 
II 89 .87 .90 88 
III-A 77 81 79 85 
III-B 83 82 86 84 
III-C 59 57 62 60 
V>X2/N | .78 78 80 80 

















Exp. II and 3.2, 4.3, and 3.8 for the three 
parts of Exp. III, all significant at the .01 
level. 

According to the second deduction, the 
correlations between average personal 
ranks and average college ranks should 
approach unity after correction for at- 
tenuation. The raw correlations between 
average ranks are .967 for Exp. II and 
.964, .990, and .962 for the three parts of 
Exp. III. Corrected for attenuation, 
they become .978, .998, 1.016, and 1.006, 
respectively. The root mean square of 
these coefficients, .9996, is remarkably 
close to the predicted value of 1. 

It remains to see whether or not the 
magazire-count ranks correlate as highly 
with average personal ranks as with aver- 
age college ranks. The respective rank 
correlations, both with and without cor- 
rection for attenuation, are shown in 
Table 4. The root mean square correla- 
tion is .778 for average personal ranks, 
.775 for average college ranks. After 
correction for attenuation the root mean 
square correlations are .801 and .799, 
respectively. In both cases the differ- 
ences are negligible. 

The results show that personal ranks 
differ more from S to S§ than do college 
ranks, but that these individual differ- 
ences in personal ranks cancel out in such 
a way as to approach the college ranks 
for groups of ten or more Ss. This is the 


picture that would be expected on the 
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assumption that the students’ estimates 
of relative base probability were valid. 

Application to base probabilities —The 
data reported above concern only the 
order of words with respect to their 
frequency of occurrence, and the conclu- 
sions have been phrased accordingly. It 
is possible to extend the conclusions to 
the actual frequencies, however, without 
violating any of the assumptions that 
underlie the statistical procedure. The 
coefficient measuring the cofrelation be- 
tween two sets of ranks also measures the 
correlation between the variables ranked 
if those variables are distributed rec- 
tangularly (6, pp. 106 f.). Now the 
logarithms of the magazine-count fre- 
quencies of the words used in each of the 
above experiments form approximately 
rectangular distributions (cf. 3, Fig. 1). 
The actual base probabilities of the words 
in the students’ usage are not known, so 
the form of their distribution cannot be 
determined directly. But it is reason- 
able to suppose that their distributions 
do not differ materially in form from the 
magazine-count distributions in view of 
Zipf’s evidence that the distribution of 
word frequencies has the same mathe- 
matical form for all heterogeneous sam- 
ples of language (12). The rank correla- 
tions reported here may thus be regarded 
as close approximations to the product- 
moment correlations between log maga- 
zine-count frequency and log base 
probability. 

On the basis of Exp. II and III the va- 
lidity of measurements of log base prob- 
ability for the words of the main thresh- 
old experiment can be put at about .75. 
The raw product-moment correlation 
between log magazine-count frequency 
and mean duration threshold in that 
experiment is --.68. When the thresh- 
olds have been corrected for certain stim- 
ulus characteristics, the raw correlation 
becomes —.76. The reliability of mean 
duration threshold in that experiment is 
about .90. Hence the correlation be- 
tween duration threshold and log base 
probability, corrected for attenuation, 
can be estimated at about —.83 without 
the correction for stimulus characteristics 
or ‘about —.93 with that correction. 


These indicate a high degree of relation- 
ship between the two variables. 


Other interpretations.—Other interpretations 
of the correlation between word frequency and 
duration threshold have been suggested. There 
are two main points in which these differ from 
the present interpretation. Usually word fre- 
quency is interpreted as the frequency with 
which a word has occurred in the past history 
of S rather than an estimate of the probability 
of the word at the time of recognition; and as the 
frequency with which Ss see or read the word 
rather than the frequency with which they emit 
it as a response (5, 7, 8, 9, 11). Some of the 
reasons for rejecting these points of view in favor 
of the present interpretation are mentioned in 
this section. 

According to the first alternate interpretation, 
magazine-count frequencies serve as estimates of 
the frequencies with which words have occurred 
in the past histories of 1948 Harvard under- 
graduates. If we considered only the students’ 
linguistic histories immediately prior to the 
recognition experiments, the error of estimation 
introduced by differences between those histories 
and the material used for the magazine count 
would be about the same as the error for the 
response-emission interpretation. But error of 
a greater order of magnitude must be expected 
when the magazine count, based on adult lan- 
guage, is used to represent the students’ language 
during childhood and adolescence, which make 
up the major part of their total linguistic his- 
tories. It is not quite clear, moreover, just how 
a word’s frequency of previous occurrence could 
have an appreciable effect upon its threshold. 
Almost all studies indicate that learning reaches 
an asymptote as a function of practice. Thus 
repetition of an event after a very large number 
of previous repetitions has no appreciable effect 
on behavior. Even rare words with frequencies 
of 5 or 10 in the magazine count must have 
occurred often enough among the total produc- 
tion of words in a student’s life history to have 
reached the asymptote of learning. Hence the 
observed differences in duration threshold be- 
tween words of these low frequencies and words 


of much higher frequencies can hardly be attrib- 


uted to differences in the number of times the 
words have occurred in Ss’ pasts. 

The second point to be considered is whether 
magazine-count frequency should be interpreted 
as an estimate of the frequency with which Ss 
read a word or the frequency with which they 
emit it. Both the language read and the lan- 
guage emitted by Harvard undergraduates can 
be expected to differ significantly from the 
material of the magazine count. The reading- 
frequency interpretation thus involves the same 
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kind of error that is estimated in the previous 
section for the response-frequency interpretation. 
But additional sources of error will affect the 
estimation of reading frequencies. In normal 
reading a person often skips connective words or 
words at the ends of lines when the meanings are 
indicated by context; a difficult passage or un- 
familiar word, on the other hand, may be read 
over and over. Consequently, two words occur- 
ring with the same frequency in a sample of read- 
ing material may differ considerably with respect 
to the number of times they are actually read. 
Furthermore, it is difficult to specify the fre- 
quency with which a word is read except in terms 
of the time spent in reading it, since there is no 
simple observable response that can serve as a 
criterion of reading. But the amount of time 
spent in reading a word will be affected by many 
factors other than the number of times it appears 
in the material that is read. Hence the maga- 
zine count will give a far more erroneous estimate 
of the frequency with which a word is read by 
Harvard undergraduates than of the frequency 
with which they emit it. 

Some recent experimental evidence also coun- 
ters the reading-frequency interpretation. The 
frequency with which students actually read a 
word is better estimated from the frequency of 
the constituent sequence of letters, computed 
without regard to their occurrence as a complete 
word, than from the frequency of the complete 
word. Experiment, however, shows no correla- 
tion between letter-sequence frequencies and 
duration threshold (7, p. 76). While it can be 
argued that these results are not conclusive, 
since the letter-sequence frequencies were based 
on a much smaller sample than the word fre- 
quencies, the lack of correlation strongly suggests 
that the frequency with which a word is read 
cannot account for the correlations of .6 to .7 
that have been found for word frequency and 
duration threshold. 


SUMMARY 


An interpretation of the inverse relationship 
between the duration threshold of a word and its 
frequency of occurrence is outlined. According 
to this interpretation, the frequency of a word 
in the Thorndike-Lorge tables (10) serves as an 
estimate of the frequency with which college 
students would have used that word at the time 
the duration thresholds were measured if the 
measurements had not been made. The validity 
of this estimate is tested by three experiments 
based on a rank-correlation procedure. Addi- 
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tional experiments provide a check on the 
method. The results indicate a validity of about 
-75 for Ss used in the principal experiment on 
duration threshold, Some reasons for preferring 
the proposed interpretation to others that have 
been suggested are briefly mentioned. 
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THE RORSCHACH WHITE SPACE RESPONSE 
AND PERCEPTUAL REVERSAL! 


ALBERT BANDURA 
State University of lowa* 


The purpose of the present investi- 
gation was to determine the relation- 
ship between the Rorschach white space 
response and performance on a con- 
ventional figure-ground reversal task. 
Although interpretations of the signifi- 
cance of the white space response in 
manuals on the Rorschach technique 
almost invariably state that this class 
of responses represents a perceptual 
reversal, i.e., a reversal of figure-ground 
relationship, the meaningfulness of this 
statement in terms of empirical rela- 
tionships has not been investigated. 

Following Rubin’s (14) classical 
study of figure-ground reversal in vis- 
ual perception, research in this area 
was concerned largely with isolating 
the structural properties of the stim- 
ulus which favor the dominance of one 
area of an ambiguous stimulus as figure 
(7, 8,9). More recently, a number of 
experiments have demonstrated that 
past learning and experiential factors 
are effective determinants of what will 
be attended to (figure) in the total 
stimulus complex (12, 15). 

The nature of the figure-ground re- 
versal has been shown to undergo 
changes as a function of the length of 
exposure time of the stimulus. Wever 
(19) found that a complete figure- 
ground reversal tends to occur only 
with extended exposure of the figures. 
In the case of short exposure times, the 

1 This paper is a modification of a portion of a 
doctoral dissertation submitted to the Depart- 
ment of Psychology at the State University of 
Iowa. The writer wishes to express grateful 
acknowledgment to Dr. Arthur L. Benton for his 
direction of this investigation and to Dr. Harold 


P. Bechtoldt for many helpful suggestions. 
2 Now at Stanford University. 


reversal was incomplete with only a 
portion of the white taking on figural 
properties, while in another area of the 
stimulus a black figure is still present. 
In addition, the more complex and 
ambiguous the stimulus the longer the 
exposure time necessary for a complete 
reversal to take place (6). 

With respect to the Rorschach, a 
possible relationship between the 
length of exposure time of the inkblots 
and the occurrence of space responses 
has been discussed by Burt (4). In 
his opinion, space responses are likely 
to occur upon continual fixation on the 
cards. His interpretation is that this 
protracted gaze may be due to repres- 
sion which leads to an inhibition of a 
response. As the individual continues 
to gaze ‘at the card, a reversal takes 
place and the white spaces become dis- 
tinctive and are responded to. The 
implication, then, is that time of expo- 
sure of the Rorschach cards may be an 
influential determinant of the number 
of space responses given to the 
Rorschach. 

Two studies have been reported in 
which the Rorschach test was admin- 
istered under varying temporal expo- 
sures. In the first (18), no reference 
was made to the relative frequency of 
space responses under two temporal 
conditions. The second (16) reported 
an increase in the relative number of 
space responses with an increase of 
exposure time. However, in the latter 
study, each S served in each exposure 
level, and learning and practice effects 
were involved in the results. Thus, 
the observed changes in the Rorschach 
performance may have been partly a 
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function of practice effects and not 
solely a function of exposure time. 

The specific hypotheses concerning 
the space response which were tested 
in the present investigation were: (a) 
the number of space responses to the 
Rorschach is a positive function of the 
ease of reversal of figure-ground as 
measured by the Necker Cube test; 
(b) the tendency to give space responses 
will increase with increases in the tem- 
poral exposure of the Rorschach ink- 
blots. 


METHOD 


Subjects.—The Ss were 80 University of Iowa 
High School students, of whom 32 were females 
and 48 were males. They ranged in age from 13 
to 18 yr., the median age being 15 yr. 

Procedure-—The Ss were tested individually. 
Each S took the Rorschach test and the Necker 
Cube test during a single session. The Ror- 
schach was administered in the initial part of the 
experiment. The administration differed from 
the conventional technique only with respect to 
the length of the exposure time. While in the 
standard procedure S is usually permitted to look 
at the cards for as long or short a time as he 
desires, in this experiment the length of exposure 
time was controlled by EZ. Each S was required 
to look at each card for a 4-min. period. In 
recording S’s responses, E divided each 4-min. 
period into 1-min. intervals, thus permitting an 
analysis of the variation of the frequency of space 
responses as a function of varying lengths of 
exposure time. 

The Rorschach inquiry was conducted imme- 
diately after S had given his responses to all ten 
cards. Additional responses were not scored. 
Upon completion of the Rorschach examination, 
S’s rate of reversal on the Necker Cube was 
determined. Both the Rorschach and the Necker 
Cube were given in a single session, but a counter- 
balanced order in the presentation of the two 
tasks was not employed in order to avoid the 
possible influence of a set for perceptual reversal 
which might develop if the Cube were given first. 
A 5-min. rest period, spent in incidental conver- 
sation between S and E, intervened between the 
Rorschach and Necker Cube testing. 

The Cube was drawn on a white 6 X 8-in. 
card. The card was mounted on an adjustable 
stand which stood 3 ft. from S and in his line of 
vision. The S was asked to observe and report 
the reversals of the Cube during a-period of 20 
min. He observed for 3 min. and rested for 2? 
min. until 12 min. of observation were recorded. 
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The first 6 min. of the observation served as the 
training period ; the last 6 min. of the observation 
constituted the test series. The score on the 
Cube test was thus the mean number of reversals 
reported by S in the last two 3-min. exposures of 
the Cube. 

The Rorschach records were scored according 
to the scoring system of Hertz (10). Primary 
space responses were defined as responses in 
which the white space alone was used. Second- 
ary space responses were those in which the white 
space was only a part of a larger percept which 
included the black or colored portions of the 
inkblot. 


RESULTS 


Since the distribution of space re- 
sponses over the first five cards (51%) 
was found to be comparable to the 
distribution over the last five cards 
(49%), a split-half technique, the 
first half versus the second half, was 
employed in estimating the reliability 
of the space responses. The correla- 
tion between the two halves was 
found to be .66 for primary space 
responses and .59 for the secondary 
space responses. The reliability for 
the whole test, as estimated by the 
Spearman-Brown formula, was .80 
and .74. Since the space scores vary 
with the total number of responses, 
partial correlations between the halves 
with the total number of responses 
held - constant, were determined. 
These correlations were .60 and .57 
for the primary and secondary space 
responses, with the reliabilities being 
.75 and .72 as estimated by the Spear- 
man-Brown formula. The obtained 
correlations show the space responses 
to be consistent response tendencies. 

The reliability of the reversal rate 
measure on the Cube test was deter- 
mined by correlating the number of 
reversals in the first 3 min. of the test 
series (third 3 min. of observation) 
with the number of reversals in the 
last 3 min. (fourth 3 min. of observa- 
tion) for the 80 Ss. Since the distri- 


butions were positively skewed, a 
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square-root transformation was em- 
ployed, and the product-moment cor- 
relation was run on the transformed 
data. The obtained value of r was 
.92. The reliability of the whole test, 
as estimated by the Spearman-Brown 
formula, is .96. 

Since the space response scores used 
in this study included both primary 
and secondary space responses, the 
question arises as to whiether these 
two types of space responses represent 
the same process from either a percep- 
tual or behavioral standpoint. In the 
group of 80 Ss, the product-moment 
correlation between primary and sec- 
condary space responses was found to 
be .34. The partial correlation be- 
tween these space responses, with the 
influence of total responses held con- 
stant, was .08. 

The degree of relationship between 
the tendency to give space responses 
to the Rorschach and the ease of 
reversal in perception was studied by 
correlating the magnitude of the space 
response scores and the rate of rever- 
sal on the Necker Cube. Since there 
is a tendency for the magnitude of 
space response scores to vary with 
total R, the total responsiveness of S 
was considered. The partial-correla- 
tion method was used to determine 
the relationship between space respon- 
siveness and the reversal rate, with 
the influence of total R held constant. 

Since primary and secondary space 
responses were not found to be related, 
the degree of relationship between the 
Necker Cube performance and pri- 
mary space responses and secondary 
space responses considered separately 
was investigated. The distribution of 
space scores, reversal rate, and R 
minus space responses showed a depar- 
ture from normality in the direction of 
positive skewness. Transformations 
were used to normalize the data. In 
the case of the space response scores, 


TABLE 1 


Propuct-Moment CoRRELATIONS BETWEEN 
Wuire Space Responses (S) anp 
PercerTuaL REVERSAL 











Correlated Variables r 
Primary S vs. Reversal rate 45 
Secondary S vs. Reversal rate 36 
Primary S vs. R—S 51 
Secondary S vs. R-S 55 
Reversal rate vs. R 39 
Primary S vs. Reversal rate a 

(R held constant) 
Secondary S vs. Reversal rate 19 


(R held constant) 





** Significant beyond the .01 confidence level. 


a VX +.5 transformation was em- 
ployed, while in the other two cases a 
VX transformation was used. Prod- 
uct-moment correlations were com- 
puted on these transformed data. 
The results are presented in Table 1. 

The correlation between reversal 
rate and the number of primary space 
responses was found to be .45. Sim- 
ilarly, the correlation between reversal 
rate and the number of secondary 
space responses was found to be .36. 
The partial correlation between the 
tendency to give primary space re- 
sponses and the rate of reversal on the 
Cube was found to be .32. The sig- 
nificance of this correlation was tested 
by means of a Z’ transformation. 
The obtained value is significant 
beyond the .01 confidence level. The 
partial correlation of .19 between sec- 
ondary white space responses and rate 
of perceptual reversal was not statis- 
tically significant. 

In order to study the variation in 
the frequency of occurrence of space 
responses as a function of exposure 
time, each 4-min. observation period 
per card was divided into quartiles, 
and the frequency of space responses 
in these exposure periods was deter- 
mined. The total number of responses 
in each of the four temporal conditions 
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varied, with typically more responses 
occurring in the first 2 min. (M 
= 22.75) than in the last 2 min. 
(M = 10.54). Since the absolute fre- 
quency of space responses is, in part, 
dependent on total R, the analysis was 
made in terms of relative frequencies. 
The space response score for each 
temporal interval was divided by the 
number of responses occurring in that 
interval. 

Originally it was planned to use a 
“treatments by subjects” design to 
test the significance of the differences 
in the mean scores under the four tem- 
poral conditions. However, since a 
large number of zero scores occurred 
in making the breakdown in terms of 
l-min. intervals, the analysis of the 
space responses was made in terms of 
the first 2 min. as contrasted with the 
last 2 min. of exposure of the Ror- 
schach cards. Since related measures 
are involved, the ¢ test was made in 
terms of difference scores. The mean 
proportion of primary space responses 
occuring in the first 2 min. of exposure 
was M, = .03, while in the last 2 min. 
of exposure it was M, = .08. The 
mean difference was found to be highly 
significant (¢ = 3.45). A comparison 
of the two means shows that practi- 
cally three times as many primary 
space responses occurred in the last 
2 min. of exposure as in the first 2 min. 
The mean proportion of secondary 
space responses occurring in the first 
2 min. of exposure (M, = .10) did not 
differ significantly from the mean pro- 
portion of secondary space responses 
occurring in the last 2 min. of exposure 


(M, = .13). 


Discussion 


Although Rorschach (13) expressed his 
conviction that the processes underlying 
Rorschach test responsiveness were per- 
ceptual in nature, investigative work 
designed to elaborate the implications of 
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this assumption has only recently been 
initiated. Keyes’s (11) study dealing 
with the “whole” responses demonstrated 
the meaningfulness of the familiar state- 
ment that this class of responses is a 
measure of perceptual organizational 
capacity, and Benton (2, 3) has discussed 
in some detail the perceptual aspects of 
certain types of Rorschach responses, 
with particular reference to the color and 
the whole response. 

The present study represents an em- 
pirical investigation of the assumption 
that the Rorschach space responses 
reflect a reversal effect in perception, i.e., 
a reversal of figure-ground relationship. 

The obtained significant positive cor- 
relation between rate of perceptual rever- 
sal on the Necker Cube and number of 
primary white space responses to the 
Rorschach indicates that part of the 
variance in space responsiveness can be 
accounted for by perceptual reversal 
effects.2 However, the moderate size of 
the correlation suggests that only a rela- 
tively small part of the variance in pri- 
mary space responsiveness is related to a 
perceptual reversal tendency. Primary 
and secondary space responses were not 
found to be related significantly to each 
other, nor were secondary space responses 
correlated significantly with reversal rate 
on the Necker Cube. The practice of 
using these two types of responses as 
measures of the same thing seems un- 
warranted. 

A second hypothesis of this study was 
concerned with the variation of space 
responses as a function of exposure time. 
The results partially support the hypoth- 
esis that the relative frequency of occur- 
rence of space responses varies with the 
time of exposure of the Rorschach cards. 


$In an attempt to determine the compara- 
bility of the reversal effects as measured by the 
Necker Cube and that of another figure-ground 
diagram, 32 sophomore students were tested on 
the Necker Cube and the Rubin Profile-Vase 
Test in a counterbalanced design. The obtained 


product-moment correlation (r = .89) suggests 
that although one is typically referred to as 
measuring changes in “perspective” and the 
other as measuring changes in “figure-ground,” 
actually both are measuring the same process. 
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Increasing the time of exposure resulted 
in an increase in the tendency for S§ to 
give primary space responses. This find- 
ing is consistent with Burt’s (4) conten- 
tion that space responses are most likely 
to occur when the S gazes continuously 
at the Rorschach card. 

In view of the variation in the occur- 
rence of primary space responses as a 
function of exposure time, the question 
is raised as to whether or not the tem- 
poral sequence of these respdnses in the 
Rorschach record should be considered 
in the final interpretation. Their occur- 
rence early in the temporal sequence 
might be of greater significance than if 
they occurred later, since the longer the 
individual looks at the Rorschach cards, 
the more likely is he to give space 
responses. This raises a clinical metho- 
dological issue. In line with the unstruc- 
tured Rorschach administrative proce- 
dure, the individual is permitted to look 
at the card for as long or as short a time 
as he wishes. This, of course, introduces 
considerable variability in exposure time. 
Experiments such as that of Wever (19) 
have shown that perception is a develop- 
mental process in time and that the 
nature of the perceptual responses under- 
goes changes with varying time of ex- 
posure. Several studies have demon- 
strated characteristic changes in the 
Rorschach responses under varying expo- 
sure times. In the present investigation, 
the dependence of the occurrence of pri- 
mary space responses on the length of 
exposure time was demonstrated. It is 
reasonable to hypothesize that variations 
in the exposure time of Rorschach cards 
will lead to significant variations in the 
nature and the relative frequency of 
certain types of responses. If this tem- 
poral variable is uncontrolled, the net 
effect may be to attenuate the degree of 
relationship between these Rorschach 
factors and the associated behavior 
tendencies. General recommendations 
with respect to the question of constant 
versus variable exposure times for the 
Rorschach cards cannot be offered on the 
basis of an investigation of a single Ror- 
schach factor. However, a systematic 
investigation of the advantages and dis- 


advantages of both types of administra- 
tive techniques is imperative. 


SUMMARY 


This investigation was designed to study the 
white space response of the Rorschach test as a 
function of reversal effects in perception and as 
a function of length of exposure time. Eighty 
University of Iowa High School students were 
tested individually with the Rorschach test and 
Necker Cube test. The number and temporal 
sequence of the occurrence of space responses to 
the Rorschach and the rate of perceptual reversal 
on the Necker Cube were obtained. 

The results were as follows: 

1. A significant positive relationship of mod- 
erate degree was obtained between the rate of 
reversal on the Necker Cube and the number of 
primary space responses to the Rorschach. The 
Rorschach primary space response represents, in 
part at least, a perceptual reversal process. 
However, only a relatively small part of the 
variance in space responsiveness is determined 
by a perceptual reversal tendency. No rela- 
tionship was found between primary and second- 
dary space responses or between secondary space 
responses and rate of perceptual reversal. The 
practice of using primary and secondary space 
responses as measures of the same thing seems 
unwarranted. . 

2. The frequency of occurrence of primary 
space responses varied according to the exposure 
time, with the relative number of primary space 
responses increasing with increasing time of ex- 
posure of the Rorschach cards. No significant 
change was demonstrated in the frequency of 
occurrence of secondary space responses with 
variation in exposure time. Since the relative 
frequency of primary space responses varies 
directly as a function of exposure time, the ques- 
tion was raised as to the differential predictive 
value of space responses that occur early in the 
temporal sequence as contrasted with those that 
occur later. 
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EMPIRICAL GRADIENTS OF GENERALIZATION 
IN A PERCEPTUAL-MOTOR TASK! 


BURTON G. ANDREAS? 
State University of Iowa 


In a recent article Brown, Bilodeau, 
and Baron (1) refer to investigations 
of “spatial generalization,” in which 
the location of tactile stimuli on Ss’ 
skin was the spatial variable involved. 
Brown, Bilodeau, and Baron raised 
the question whether or not spatial 
generalization might be demonstrated 
for the visual modality as well as for 
the tactual, and performed experi- 
ments to test for this. Their Ss were 
instructed to lift a finger from a reac- 
tion key whenever the center light of a 
row of seven lights flashed on. After 
a number of trials with this training 
stimulus, other stimulus lights in the 
row were presented singly, randomly 
interspersed with the training stimulus 
at about every eighth trial in the con- 
tinuing training series. The Ss had 
been told not to respond to these other 
lights, which were considered as “‘test”’ 
stimuli. A plot of the percentage of 
false reactions to these test lights 
formed a downward-sloping, double- 
wing gradient, which was symmetrical 
about a peak that corresponded to the 
training point. 

Brown, Bilodeau, and Baron (1) 
state that their experimental results 
are to be regarded as instances of em- 
pirical generalization. They indicate 
that they would probably follow Hull 
(2) in postulating that gradients of 
associative strength are the hypo- 
thetical basis for the obtained empiri- 
cal generalization gradient. Although 


1 This report is based on a thesis submitted 
to the faculty of the department of psychology 
of the State University of Iowa in partial fulfill- 
ment of the requirements for the M.A. degree. 
The writer is indebted to Professors I. E. Farber 
and J. S. Brown for assistance in formulating the 
problem and throughout the investigation. 

2 Now at the University of Rochester. 


their findings are clearly consistent 
with this postulation, their procedure 
may have permitted the operation of 
another factor that might account, at 
least in part, for the data they ob- 
tained. In their experiment, Ss were 
instructed not to respond to the six 
peripheral lights. It is reasonable to 
assume that these instructions estab- 
lished an inhibitory tendency opposing 
any positive tendency to respond to 
these test lights. 

In their analysis of their results, 
Brown, Bilodeau, and Baron seemed 
to assume implicitly that any inhibi- 
tory factor established by the instruc- 
tions was equal for all peripheral lights 
(1, p. 55). An alternative assumption 
might be that instructing Ss not to 
respond to the test lights actually gave 
rise to a differential inhibitory tend- 
ency. It might be assumed that the 
notion of “‘no response to peripheral 
lights” became most strongly attached 
to those lights that were most periph- 
eral, with lesser inhibitory potentials 
for lights nearer the center. The 
empirical gradient in the percentage 
of false responses might be explained 
on the basis of differential inhibitory 
tendencies and not by any differential 
positive reaction tendencies arising 
from training. 

In view of this possibility of a 
differential inhibitory factor (arising 
from instructions to Ss), it appears 
desirable to use a method for studying 
generalization that would preclude the 
operation of such an inhibitory factor. 
The finding of an empirical gradient of 
generalization, without the use of any 
inhibitory instructions, would tend 
to support Hull’s postulation (2) that 
gradients of associative strength under- 
lie empirical generalization gradients. 
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Fic. 1. Top view of apparatus 


The aim of this experiment was to 
determine whether or not preliminary 
training in making a motor response 
to one of several visual stimuli on a 
spatial continuum would yield an 
empirical gradient of generalization 
when Ss had no inhibitory instructions. 


MeEtTHOD 


Subjects.—The Ss were 96 students enrolled in 
introductory psychology. These Ss, all right- 
handed men and women, were randomly assigned 
in equal numbers to two experimental groups, 
designated Group E2 and Group E4, and a con- 
trol group, designated Group C. 

A pparatus.—Figure 1 shows a schematic dia- 
gram of the top view of S’s part of the apparatus, 
which was modeled after one described by Siipola 
(4). A handle (H) could be moved freely from 
a starting point (P) to any one of 13 target posi- 
tions (7). The target positions were notches 
spaced at 15° intervals around the circumference 
of a semicircular framework, which rested in a 
horizontal plane on a table 31 in. high. Green 
pilot lights (Z) located at the target positions 
served as stimuli. Only seven of these stimuli 
(spaced at 30° intervals around the semicircle, 
as indicated by the solid dots in Fig. 1) were used 
in the present experiment. These stimuli, and 
the corresponding targets, will be referred to by 
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numbers, | to 7, assigned consecutively beginning 
at S’s left, These numbers did not appear on the 
apparatus and were not mentioned in the instruc- 
tions to S. A warning signal (W) consisting of a 
yellow pilot light located beyond Stimulus Light 
4 was presented .2 sec. prior to the presentation 
of any stimulus light. A green panel light (J), 
located near the starting position, indicated to 
S when the handle was in the proper starting 
position. 

The S’s task on each trial was to move the 
handle as quickly as possible from the starting 
point to one of the target positions (a distance of 
10 in.) indicated by a stimulus light. The handle 
was attached to a pantograph, which indicated 
to E the target position to which S had moved. 
Appropriately placed screens concealed the con- 
trol and recording apparatus from S. These 
screens also served to keep S’s portion of the 
apparatus in moderate illumination. 

Procedure-——The Ss of the control group 
(Group C) were told that they were to be tested 
on the apparatus for reaction time and speed of 
movement. It was indicated that 2 of the 13 
stimulus lights would flash on for each trial. 
(The Ss were not told that only seven of the 
stimulus lights and target positions would actu- 
ally be used during the course of the experiment). 
The task required was to move the handle as 
quickly as possible from the starting point to 
either one of the two positions indicated by the 
stimulus lights. The Ss were told that there 
was no right or wrong choice. Speed of move- 
ment was emphasized. The functions of the 
warning signal and the indicator light near the 
starting point were described. No preliminary 
practice was permitted. 

The paired presentation of two stimulus lights 
was considered to be a test trial since the making 
of a response to one of the lights could be taken 
as an indi¢ation that that particular stimulus had 
a greater reaction-evoking potential at that 
moment than did the other stimulus light which 
had been presented simultaneously with it. 

Thus, a pairing of stimuli constituted a test of 
the relative momentary effective reaction poten- 
tials associated with them. Group C Ss were 
given only these test trials. There were three 
sequences of them, each sequence consisting of a 


























TABLE 1 
FREQUENCIES oF Response To Eacu STIMULUS DURING THE First SEQUENCE or Test TRIALS 
Stimulus 
Group N 1 2 3 4 5 6 7 

Mean| SD Mean| SD*| Mean| SD | Mean| SD | Mean| SD | Mean) SD | Mean) SD 

Cc 32 | 1.2114) 19 112) 2.5 | 1.2] 3.5 | 16] 4.7 | 1.3 | 40]1.2] 3.2 | 15 
E2 32 | 09 | 1.1) 2.9} 1.2) 3.2113 | 34116] 44 )13) 3.8) 15] 2.3 | 17 
E4 32 | 1.2114] 24114) 34/)10)] 3.9115] 4.5 11.5] 3.7] 1.2] 18 |] 1.2 
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Fic. 2. Mean response frequency for each 
stimulus for Groups E2 and C 


different irregular order of presentation of the 21 
possible pairs of stimuli. The order of presenta- 
tion of the three sequences was varied from S 
to S in each group in a balanced design. The 
average intertrial interval for the 63 trials which 
comprised the three sequences was 15 sec., with 
a range from 10 to 20 sec. 

The Ss in the two experimental groups 
(Groups E2 and E4) were told initially that just 
one of the stimulus lights would flash on for each 
trial. They were instructed to move the handle 
as quickly as possible to the indicated position. 
They were not told whether or not the stimulus 
light used would vary from trial to trial. Actu- 
ally, the same stimulus light was presented on 
each of the five trials that constituted the train- 
ing series. A short training series was used to 
obtain moderate learning; preliminary investi- 
gation showed that response time decreased to a 
minimum in fewer than ten trials when the same 
light was repeated each time. Stimulus Light 2 
was used in the training of Group E2, and Light 
4 was used for Group E4. Following the five- 
trial training series, E instructed S that a differ- 
ent procedure would now be followed. Instruc- 
tions appropriate to the test trials were then 
given, S being told to move to ¢ither of the two 
positions indicated by the pair of lights on a given 
trial. It was stressed that there was no right 
or wrong choice. The subsequent procedure for 
Ss in the two experimental groups was identical 
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Fic.-3. Differences in mean response frequency 
(E2 — C) for each stimulus of 
Groups E2 and C 
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Fic. 4. Mean response frequency for each 
stimulus for Groups E4 and C 


with the test procedure employed for the control 
group. 


RESULTS 


The means and SD’s of frequencies 
of response to each stimulus during 
the first sequence of test trials are 
given in Table 1 for all groups. The 
mean frequencies for Group E2 and 
Group C are represented graphically 
in Fig. 2. The differences in response 
frequencies of Group E2 and Group C, 
derived by subtracting the Group C 
mean from the E2 mean for each stim- 
ulus, are represented in Fig. 3. Lind- 
quist’s Case 11 (3) was used in a trend 
analysis to determine whether or not 
the differences in frequency values for 
Stimuli 2 through 7 formed a signifi- 
cant gradient. Data for Stimulus 1 
were omitted from the analysis since 
the trend that was tested was the one 
to the right of the training stimulus. 
The obtained F value was 3.05, which 
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is significant beyond the 5% level of 
confidence for 5 and 310 df. 

Figure 4 represents the mean fre- 
quencies of response to the different 
stimulus lights that were made by 
Group C and Group E4. 

Figure 5 shows the empirical gradi- 
ent obtained by subtracting Group C’s 
mean response frequency from that of 
Group E4 at each stimulus. Trend 
analyses were made on the frequency 
data for each wing of this gradient 
separately. For the right wing, Stim- 
uli 4-7, the obtained F value was 
4.57, which is significant beyond the 
1% level of confidence for 3 and 186 
df. For the left wing, Stimuli 1-4, 
the obtained F was 1.45, which is not 
significant. All F values represent 
the first test recommended by Lind- 
quist (3, p. 76) for Case 11; the second 
test would yield a nonsignificant F in 
each case. 


_ Discussion 


The obtained gradients shown in Fig. 3 
and 5 again demonstrate “spatial gen- 
eralization” and are congruent with the 
postulation of Hull (2) that gradients of 
associative strength underlie empirical 
generalization gradients. The alterna- 
tive assumption of differential inhibitory 
tendencies is not applicable to the present 
experiment since no inhibitory instruc- 
tions were used. Thus, both the empiri- 
cal findings of Brown, Bilodeau, and 
Baron (1) and their theoretical explana- 
tion for their gradients are supported. 

Figures 3 and 5 clearly show that the 
gradients of the present study do not 
have the perfect symmetry about the 
training stimulus that would be theoret- 
ically expected. In fact the peak of the 
curve in Fig. 5 is at Stimulus 3 instead of 
at Stimulus 4, to which training was 
given. Various explanations for such 
discrepancies, ranging from unequal 
brightness of stimuli to resistance to sug- 
gestion, might be advanced. However, 
useful answers to such questions un- 
doubtedly await further experimentation 
with greater refinement of control over 
relevant variables. 

It should be noted that the present 
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study involved a response dimension, 
angular direction of movement, in addi- 
tion to the visual-spatial dimension on 
which the stimuli were located. The 
treatment of the results, however, was 
given in accordance with the paradigm 
for stimulus generalization. The present 
experiment can be considered completely 
parallel in stimulus-response design to 
that of Brown, Bilodeau, and Baron only 
if the moving of the handle is assumed to 
be an “approach” response that is essen- 
tially the same response regardless of its 
angular direction. Further experimen- 
tation might indicate the desirability of 
treating angular direction as a continuum 
along which responses may vary. This 
treatment would make the concept of 
response generalization (or stimulus- 
response generalization) applicable. 


SUMMARY 


An experiment was performed similar to those 
reported by Brown, Bilodeau, and Baron (1), 
except that in the present study no inhibitory 
instructions were given. The Ss in experimental 
groups were trained to respond to one light on a 
visual-spatial continuum and then tested for 
tendencies to respond to other lights. Empirical 
gradients of generalization were obtained when 
the response frequency data for each of two 
experimental groups were compared with those 
for a control group. These were interpreted as 
supporting the postulation that gradients of 
associative strength underlie the empirical gra- 
dients observed, since the possible operation of 
inhibitory gradients was precluded by the experi- 
mental procedure. It was noted that this exper- 
iment might have been considered in terms of 
response generalization rather than stimulus 
generalization. 
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ACQUISITION OF SECONDARY REWARD BY CUES 
ASSOCIATED WITH SHOCK REDUCTION 


MAURICE P. SMITH AND GARTH BUCHANAN! 
University of Colorado 


One implied consequence of shock- 
escape training that lacks confirma- 
tion is that cues contiguous with shock 
reduction will acquire secondary rein- 
forcement value. Although the results 
of a number of studies could be inter- 
preted in terms of such secondary 
reinforcement, Barlow’s (1) study, as 
far as we know, is the only one that 
appears to be directly concerned with 
this specific problem. Its importance 
as a problem for investigation is read- 
ily seen, particularly since it is related 
to one of the important postulates of 
reinforcement theory and has a bear- 
ing on the attempts made by Farber 
(2) and Wolpe (6) to interpret fixation 
in reinforcement learning theory terms. 

The present study is intended to 
ascertain whether or not cues con- 
tiguous with shock escape acquire sec- 
ondary reward value. The technique 
employed is very similar to that used 
by Greene (3) in a study which indi- 
cated that magnitude of primary 
reward is a positive determiner of the 
excitatory value that visually contigu- 
ous cues would elicit. The prediction 
was that if cues associated with shock 
escape acquire secondary reinforce- 
ment value, animals would tend to 
prefer a type of alley that had followed 
shock. Thus, animals trained with a 
black alley following shock should 
make fewer choices of a white alley 
than animals that had been trained 
with a white alley following shock. 


1 The senior author is responsible for the 
manuscript in its present form. The junior 
author collected the data as part of an MA thesis 
accepted by the Graduate School of the Uni- 
versity of Colorado. 


METHOD 


Subjects —The Ss were 48 naive albino rats 
of the Sprague-Dawley strain maintained by the 
Psychology Department of the University of 
Colorado. There was an equal number of males 
and females, ranging in age from 60 to 90 days. 

Apparatus.—The training apparatus con- 
sisted of a starting box, approach alley, and inter- 
changeable goal boxes. The inside dimensions 
of the starting box were 4 X 4 X 8 in.; of the 
approach alley, 13 X 24 X 4 in.; and of the 
reward alley, 28 X 4X4 in. The approach 
alley had an electrically chargeable grid floor. 
The grid was covered on the nonshock training 
trials with a sponge rubber floor. The starting 
box, approach alley, and the last 10 in. of the 
goal alleys were covered with hardware cloth, 
and the intervening portion of the reward alleys 
was covered with glass. The parts of the appa- 
ratus were so connected that they formed a 
straightaway, with only one goal alley present 
on any training trial. Guillotine-type doors 
were placed at the exit from the starting box, 8 
in. from the entrance to the goal alleys, and 10 in. 
from the end of the goal alley. One of the goal 
alleys was black and the other white. The start- 
ing box and approach alley were gray. A gray 
curtain was suspended at the exit of the ap- 
proach alley, black curtains were placed near the 
doors of the black reward alley, and white cur- 
tains were similarly hung in the white alley. 
The two reward alleys differed in construction to 
provide both differential visual and propriocep- 
tive stimulation. Part of the floor of the black 
reward alley consisted of a 9-in. inclined plane 
set at a 13° slope. A 1 in. high barrier was 
placed just in front of the black square food cup 
in the black alley. The white alley contained 
two blocks 2} in. square; the first was fastened to 
the left wall, 10 in. from the entrance and the 
second to the right wall, 12 in. from the end of 
the alley. In the white goal alley another block 
was placed on the left wall just in front of the 
white circular food cup. 

On test runs, the first 8 in. of the reward 
alleys were removed, and a gray Y-shaped sec- 
tion which permitted the simultaneous presenta- 
tion of the white and black alleys was substi- 
tuted. The reward alleys were parallel and 
were so arranged that half the time the white 
alley would be on S’s right and half the time on 
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its left. This apparatus is essentially a dupli- 
cate of that used by Grice (4). 

Lighting was provided by a 24in., 20-w. 
fluorescent tube suspended with base down 30 
in. directly above the apparatus. A shaded light 
was placed over the retaining cages where Ss were 
kept between trials. 

Shock was produced by a constant current 
electronic stimulator, Model 228, designed and 
constructed by C. J. Applegate and Co., Boulder, 
Colorado. The circuit provides 60 rectangular 
pulses per sec. with the preset current value being 
maintained by automatic application of the 
necessary voltages. 

Preliminary training.—The Ss were tamed by 
handling 5 min. daily for one week. The han- 
dling was done at approximately the same time 
of day that they were to be run in the experiment. 
Each S was hand-fed five small Friskie pellets 
during the handling period of the last four days. 
Beginning on the first day of handling, all Ss 
were fed 2 hr. a day in individual cages at a time 
which would make them 20-hr. food deprived at 
the time of running. During the 2-hr. feeding 
period Ss were fed commercial chow pellets and 
a small amount of Friskie pellets mixed with a 
few drops of Vi-Litron vitamins. When they 
were not in the individual feeding cages, Ss were 
kept in home cages with water always available. 

Groups and conditions.—The Ss were assigned 
randomly to two training groups in such a way 
that an equal number of males and females were 
in each group. Each S was placed in the starting 
box and trained to run to the goal box for food. 
On each run S found two small Friskie pellets in 
the food container. The Ss were detained in the 
starting box for at least 10 sec. and kept in the 
goal box for at least 30 sec. No S was taken 
from the goal box until it had eaten the two 
pellets. All Ss were run two trials a day for the 
first two days and then four trials a day for eight 
days, half to the black and half to the white, in 
an alternating WBBW-BWWB sequence. Half 
the Ss of each group were run to the white alley 
on their first trial and half to the black alley. 
There was a rest period of at least 15 min. 
between trials for each S. Curtains were intro- 
duced on the second day. The specific training 
procedure consisted of shock preceding the black 
alley and sponge rubber floor preceding the white 
alley for Group I, while for Group II the shock 
preceded the white alley and sponge rubber floor 
preceded the black alley. 

To increase the likelihood that Ss would leave 
the starting box promptly and proceed readily to 
the reward alley, the first two trials on the grid 
floor were run with no shock. On the third day 
a shock of 50 microamps was given as S reached 
the middle of the grid floor. On the fourth day 
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the entire grid was charged with 50 microamps, 
and on the following four days the intensity of 
shock was increased each day until a level of 200 
microamps was reached. This level was main- 
tained for the last three days of training. The 
procedure was successful although Ss were appre- 
ciably slower in leaving the starting box on shock 
trials than on nonshock trials. In no case, how- 
ever, was it necessary to force an S to leave the 
starting box. On every trial the doors were 
dropped behind S to prevent retracing. 

Testing.—All Ss were run four trials a day in 
the testing apparatus. The black (white) alley 
was as often on the left side as on the right side. 
Food was found only in the black goal box. The 
food cup in the white alley was always empty. 
The Ss were run to a criterion of nine out of ten 
choices of the black alley. 

The training groups were randomly split into 
two groups each, designated IA, IB and IIA, 
IIB. The A groups were tested with a plain 
gray wood floor covering the grid floor in the 
approach alley, and the B groups were tested 
with the uncharged grid floor in the approach 
alley. This variation in testing procedure was 
made to determine if the extent of the fear drive 
in the testing situation would affect Ss’ choices. 
The tentative assumption was that the plain 
wood floor would arouse less fear than the grid 
floor. Each trial was free choice noncorrection. 
Doors were dropped behind S to prevent 
retracing. 


RESULTS 


Two measures of performance were 
taken during the test trials: (2) num- 
ber of errors (entrance into the white 
alley) on the first three days, and (0) 
number of trials to the criterion of 
nine out of ten correct choices. Both 
measures were used since a gives an 
indication of the animal’s preference 
early in the testing procedure, and 5 
indicates the persistence of alley 
preference. 

The means and SD’s for all groups 
for both measures are presented in 
Table 1. To evaluate any possible 
interaction between the training con- 
ditions and the testing conditions an 
analysis of variance of a 2 X 2 XK 2 
factorial design was computed with 
the training condition as one variable, 
the floor used in the approach alley 
during testing as the second variable, 
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TABLE 1 


Perrormance Measures OsTAINED IN THE 
Bracx-Waire Discrimination SiTuaTion 
Usep as Test or SEcoNDARY 
REINFORCEMENT 


(N = 12 each group) 








Alley | FI First 
Group|Following oor Criterion 


in 
Shock in 
Traini Testing 








IB | Black | Grid | 2.83 | 1.96 | 16.33) 4.98 
IIB } White | Grid | 4.83 | 1.59 | 20.00) 2.79 
IA | Black | Plain | 3.25 | 1.61 | 13.92) 3.62 
IIA | White | Plain | 5.08 | .83 | 19.42) 2,29 























and sex as the third variable. Bart- 
lett’s test for homogeneity of variance 
of the first three days’ errors yielded a 
nonsignificant chi square of 8.78 (7 df, 
.30>p>.20). The only significant 
source of variance revealed by the 
analysis of variance was the training 
condition. The F was 18.56 (p<.01, 
1 and 40 df). 

The same statistical procedure was 
used to analyze the number of trials to 
reach criterion. The Bartlett test 
was insignificant, chi square being 
11.58 (7 df, .30>p>.20). Again, with 
the within-groups estimate of variance 
as the error term, the only significant 
source of variance is the training con- 
dition. The F was 17.50 (p<.01, 1 
and 40 df). 


Discussion 


The results of this experiment clearly 
indicate that Ss trained with the black 
alley following escape from shock during 
the preliminary training made fewer 
choices of the white alley and took fewer 
trials to reach criterion in a black-white 
discrimination problem than Ss that had 
experienced escape from shock in the 
white alley. Also, there was no evidence 
of any effect upon measured performance 
produced by the kind of approach-alley 
floor used in the testing situation. 

While there are possibly a number of 


interpretations of these observations, cer- 
tainly the main results show that cues 
contiguous with shock escape acquire a 
stronger capacity to elicit approach 
responses than cues that did not follow 
shock escape. This can mean that the 
reduction of pain is an event that in- 
creases the secondary reward value of 
contiguous cues. 

The interpretation of the fact that no 
differences were obtained between Ss that 
were tested with a wooden approach- 
alley floor and Ss tested with a grid floor 
must be very tentative. The intent of 
the manipulation was to obtain some 
information as to what effect differences 
in fear drive will have upon choice behay- 
ior. If one assumes that the wooden 
floor will elicit less fear than the grid 
floor, one point of view might expect the 
secondary reward value of the previous 
shock-escape alley to be reduced. How- 
ever, it is equally conceivable that the 
acquired secondary reward value of cues 
will not be affected appreciably by such 
changes in motivation. This study con- 
tributes very little to the clarification of 
this issue; however, it is possible that 
variations in the design used in this study 
may lead to an increased understanding 
of the problem. 

Another feature of the design that 
deserves discussion involves the fact that 
the reward alleys differed both in color 
and in proprioceptive stimulation pro- 
duced. The positive results obtained in 
this study were not obtained in a pilot 
study, which was similar in many respects 
except that the alleys differed only in 
visual characteristics. It is possible that 
the differentiation of the alleys by the 
kinds of barriers installed was effected 
through the production of immediate 
differential proprioceptive stimulation, 
which served as a source of differential 
secondary reinforcement, which in turn 
lead to the contiguous visual cues acquir- 
ing differential secondary reward value. 
It is also possible that the barriers were 
effective by increasing the likelihood that 
Ss would note the visual cues upon escape 
from shock. Investigation of these alter- 
natives seems feasible. 

The results of this study support in a 
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general way the interpretation of fixation 
given by reinforcement learning theorists. 
The fact that the animals preferred the 
alleys that had been associated with 
escape from pain means that cues associ- 
ated with pain reduction acquire reward 
value. This would imply then that any 
stimuli encountered upon escape from 
discomfort would become preferred to 
stimuli otherwise equal in excitatory 
value but never associated with pain 
escape. Thus the stimuli produced by 
responses of jumping away from an air 
blast would serve as secondary reinforce- 
ment even in the absence of the air blast. 
Also, as in Farber’s study (2), the re- 
sponse-produced stimulation associated 
with escape from electric shock may be- 
come a secondary reinforcer and thus 
serve as the means of maintaining the 
response even in the absence of shock and 
food reward. Wolpe (6) has advanced a 
similar argument in his attempts to refute 
the criticism that Maier and Ellen (5) 
made of reinforcement learning theory 
interpretations of fixation. It is possible 
that further extensions of the study re- 
ported here may obtain more detailed 
information as to the role of motivational 
learning factors in the production of 
fixation. 

The fact that all of the Ss were tested 
with black positive and none with white 
positive deserves, perhaps, justification. 
The decision to employ an asymmetrical 
design was made both for the sake of 
economy and because the problem we 
were concerned with seems not to demand 
a symmetrical design. The additional 
information that might be obtained from 
a white-positive test condition might con- 
tribute to an understanding of the inter- 
action effects of training variables with 
the test variables of color of correct alley, 
but would not detract from the conclu- 
sions made in this study. It seems to us 
that if during testing the alley which is 
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initially preferred (there is a slight prefer- 
ence for the black alley) is used as the 
positive alley, the effects of the prior 
training conditions would be more readily 
detected, particularly in the trials to 
criterion measure. 


SUMMARY 


This experiment confirms an implication of 
reinforcement learning theory that cues con- 
tiguous with pain reduction will acquire second- 
ary reinforcement value. Rats trained with a 
black alley following shock made fewer errors and 
took fewer trials to reach a criterion in a black- 
white choice situation with black positive than 
rats trained with a white alley following shock. 

A tentative suggestion made from this study 
is that the excitation values of the reward cues 
are not closely related to the strength of fear at 
the time of testing. 

It was also suggested that the type of study 
reported here may be useful in clarifying the roles 
that motivational-reward factors play in the 
development of fixated behavior. 
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EFFECT OF EXPERIMENTALLY INDUCED MUSCULAR 
TENSION ON PSYCHOMOTOR PERFORMANCE! 


JACK A. ADAMS? 
Skill Components Research Laboratory, Air Force Personnel and Training Research Center 


In general, the evidence on the 
effects of experimentally induced mus- 
cular tension on human performance 
indicates that moderate tension is 
frequently facilitative but that large 
amounts of tension or tension present 
at advanced stages of training can be 
detrimental to proficiency. For the 
establishment of the theoretical status 
of induced muscular tension effects an 
important question is whether it is a 
learning (habit) or a performance vari- 
able. Using a molecular approach, 
Meyer (4) has considered the learning 
vs. performance aspects of the mus- 
cular tension variable and has gener- 
ated certain testable derivations from 
physiological considerations. His the- 
ory, in brief, states that neural im- 
pulses arising from S’s tension-induc- 
ing response converge in the motor 
pathways and interact with those 
relevant to the measured response. 
Depending on amount of muscular- 
induced tension, proximity of the ten- 
sion response to the measured re- 
sponse, and stage of practice, this 
interaction has effects on the measured 
response that range from facilitation 
to interference. Perhaps the most 
important feature of this theory is 
that the neural impulse interaction 
occurs in the motor pathways of the 
central nervous system and is unre- 


1 The experimental work for this study was 
performed as part of the United States Air Force 
Human Resources Research and Development 
Program. The opinions or conclusions contained 
in this report are those of the author. They are 
not to be construed as reflecting the views or 
indorsement of the Department of the Air Force. 

2 Now at the Interceptor Pilot Research Lab- 
oratory, Tyndall Air Force Base, Florida. 


lated to those changes in the nervous 
system that may be identified with 
habit growth. Experimentally in- 
duced tension, therefore, can affect 
the magnitude or latency of the 
response but not the habit associated 
with it. In the language of a molar 
behaviorist (3), muscular tension 
affects reaction potential, not habit 
strength. 

Thus, a clear-cut prediction from 
this theory is that effects of muscular 
tension on performance should drop 
out when the tension is removed, with 
performance becoming equivalent to 
that of a group which has practiced 
throughout without induced muscular 
tension. Meyer (4, p. 211) regards 
this prediction as. crucial for his 
formulation. 

In the experiment to be presented, 
three experimental groups each under- 
went an initial training session on a 
psychomotor task with a different 
amount of induced muscular tension. 
Comparison was with a control group 
which practiced without tension. This 
initial session represents an attempt to 
verify the commonly observed phe- 
nomena of response facilitation and 
interference as a function of amount 
of induced muscular tension and the 
interaction of these effects with stage 
of training. Following rest, a final 
session was given in which practice for 
all groups ensued without induced 
muscular tension. If induced mus- 
cular tension affects performance only, 
it would be expected that the experi- 
mental groups would perform at the 
same level as the control group in this 
final session. 
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METHOD 


Apparatus—Two units of the Two-Hand 
Matching Test were used. The S was seated 
and had in front of him on a pane three slightly 
curved parallel rows of 13 lights each. The cen- 
ter row was made up of red lights and the other 
two rows were comprised of green lights. On 
the table in front of S were two 64 in. high 
response handles. A light spring kept these 
handles in a vertical position when S was not 
using them and consequently exertion of mild 
force was required to displace them. The handle 
on the left activated green lights in the top row 
and the handle on the right activated green lights 
in the bottom row. When a handle was moved 
from left to right, the green lights in the appro- 
priate row would come on in succession from left 
to right. A red light would come on, and S’s 
task was to turn on the two green lights opposite 
the red light by displacing the response handles 
the correct amount. When this match was made 
and held for .50 sec., a stepping switch advanced, 
a new red light appeared, and the matching 
procedure was repeated. The order of occur- 
rence of the red lights was random over the 40 
points of the stepping switch. This order on 
the stepping switch was repeated for each block 
of 40 settings. The score was the number of red 
lights matched during a trial period. 

On each device, the method for experi- 
mentally inducing muscular tension involved a 
stirrup for each foot, 5-lb. weights cut from 2-in. 
iron stock, and a cable-pulley arrangement con- 
necting the stirrup to one or more of the weights. 
Tension was induced during a trial by having S 
hold the stirrups pressed to the floor and thereby 
suspending the weights 6 in. from the floor. 

Subjects—The Ss were 160 basic airmen 
trainees selected from the population available 
at Lackland Air Force Base, Texas. Because 
two apparatus units were used, two Ss at a time 
were randomly selected from those available, and 
these two were then randomly assigned to one of 
the four experimental conditions. There were 
40 Ss in each group. 

Procedure-—To minimize differential fatigue 
effects, practice was well distributed. For all 
groups, trial length was 1 min. Intertrial rest 
was 1 min. except between Trials 20 and 21 
where it was increased to 5 min. A control 
group (C) practiced throughout without induced 
tension. Experimental Groups 10, 20, and 30 
each practiced with a different amount of induced 
muscular tension on Trials 1-20, and, following 
the 5-min. rest, all four groups practiced under 
the no-tension conditions on Trials 21-30. The 
number designating each experimental group 
refers to the amount of weight that Ss had to 
keep pressed to the floor during a trial. For 
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example, Group 10 Ss had a 5-lb. weight attached 
to each stirrup and thus had to keep 10 Ib. 
pressed to the floor. Similarly, Group 20 Ss had 
10 Ib. and Group 30 Ss had 15 Ib. attached to 
each stirrup. Feet were removed from the stir- 
rups and Ss were allowed to relax during the 
intertrial rest period. 

Preliminary experimentation indicated that 
30 Ib. was the maximum weight that could safely 
be used without distracting S. For weights 
heavier than this many Ss had to constantly 
struggle to keep them pressed to the floor, with 
the result that they were constantly distracted. 
It was considered desirable to have a system 
that would induce a steady state of muscular 
tension but would in no way distract S or alter 
the difficulty of the task. The experimental 
setup used by Courts (1) to study the effect of 
induced muscular tension on psychomotor per- 
formance may have had distraction factors pres- 
ent, as well as factors that might have altered 
task difficulty. He induced muscular tension by 
having S squeeze a dynamometer during practice 
on the Rotary Pursuit Test. An S knew he was 
maintaining the correct amount of tension if a 
small light alongside the apparatus remained on. 
Although it is not clear from Courts’s description, 
S may have had to divide his attention between 
the disk and the light, and consequently the 
light may have served as a source of distraction. 
With respect to difficulty, steady gripping of the 
dynamometer may have disturbed the bodily 
poise and balance necessary for optimum profi- 
ciency on the Rotary Pursuit Test and resulted 
in an increase in difficulty under tension condi- 
tions. The observed detrimental effects of ten- 
sion on performance at advanced stages of prac- 
tice may have been attributable, in part, to these 
distraction and difficulty factors. It is believed 
that the setup in the experiment reported here 
minimizes distraction and difficulty artifacts. 


RESULTS 


Figure 1 shows the mean perform- 
ance curves of the four groups. Ten- 
sion did not serve to differentiate 
Groups 10, 20, and 30, for whom prac- 
tice on these trials was accompanied 
by induced muscular tension, from 
Group C, which practiced without 
induced muscular tension, on Trials 
1-20. Also, examination of Fig. 1 
reveals no effects over Trials 21-30 
(without induced tension) that could 
be attributed to prior practice under 
tension conditions. The null hypoth- 
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esis was tested by a simple analysis of 
variance of the measures on Trials 1, 
20, 21, and 30. None of the four F 
ratios was significant at the 5% level. 
Stauffacher (5) proposed the hy- 
pothesis that poor performers would 
more readily show the facilitative 
effects of muscular tension in contrast 
to good performers who would show 
the detrimental effects of tension on 
performance. The basis of this hy- 
pothesis is that normal performance 
without experimentally induced mus- 
cular tension is always accompanied 
by a certain amount of self-induced 
tension, and high-ability Ss have more 
of it than low-ability Ss. Since high- 
ability Ss are already operating at a 
fairly high level of muscular tension, 
further experimentally induced ten- 
sion can readily exceed the amount 
required for optimum performance, 
with resulting detrimental effects. 
Low-ability Ss, however, are operating 
at a level of self-induced tension that 
is well below optimum, and added 
amounts of experimentally induced 
tension may generally be expected to 
facilitate performance. Although this 
hypothesis is rather loosely conceived 
and is based on certain tenuous as- 
sumptions, it nevertheless bears check- 
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upper and lower quartile for each 
group. The measure of ability used 
was score on Trial 1. On the basis of 
the hypothesis, it might be expected 
that upper quartile Ss in at least one 
experimental group would show a 
tendency to fall below Group C, and 
that lower quartile Ss in at least one 
experimental group would show a 
tendency toward superiority over 
Group C. Figure 2 shows that none 
of these expectations is realized. 


Discussion 


The performances of the four groups in 
this experiment are distinguished by their 
lack of differences. The experiment obvi- 
ously cannot be a test of whether ex- 
perimentally induced muscular tension 
is a learning or a performance variable 
since no effects at all were observed as a 
function of this variable. But, as with 
most negative results, it raises for ques- 
tion the defining conditions of the vari- 
able studied. It could be contended that 
the body area in which tension was 
induced was not close enough to the 
responding body members to produce 
overlap of neural impulses in the motor 
pathways. However, this possibility 
seems unlikely in view of Freeman’s find- 
ings (2). He induced muscular tension 
by having Ss maintain foot pressure in a 
lever-spring scale arrangement. Facili- 
tation and interference were observed in 
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the finger-oscillation and mirror-drawing 
response as a function of muscular ten- 
sion induced in this fashion. It would 
appear that tension in the lower limbs 
can, under some circumstances, affect 
arm and finger responses. 


SUMMARY 


Under investigation were the effects of experi- 
mentally induced muscular tension on the acqui- 
sition of a psychomotor response, and whether 
such effects were related to learning or perform- 
ance. The Two-Hand Matching Test was used. 
The Ss in each of three experimental groups kept 
either 10, 20, or 30 Ib. suspended by pressing 
stirrups to the floor throughout the trials of an 
initial practice session. Following rest, a final 


practice session was given without induced mus- 
cular tension. Comparison with a control group 
which practiced without weights throughout was 
made. 

Results were negative. Experimental groups 


and control group did not differ importantly at. 
any stage of training, nor did evidence support 
the hypothesis that tension would be detrimental 
to high-ability Ss and beneficial for low-ability 
Ss. 
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PSYCHOMOTOR PERFORMANCE AS A FUNCTION OF 
INTERTRIAL REST INTERVAL! 


JACK A. ADAMS? 
Skill Components Research Laboratory, AF Personnel and Training Research Center 


An extensive body of research con- 
cerned with the effect of distribution 
of practice on performance has gener- 
ally concluded that massed training 
results in a lower level of performance 
than distributed training. Although 
these findings have been important in 
furthering our knowledge of this po- 
tent performance variable, they gen- 
erally have failed to provide detailed 
information on how distribution of 
practice affects general form, slope, 
and asymptote of performance curves. 
Exceptions to this are studies by 
Kientzle (1), Kimble (2), and Rey- 
nolds and Adams (4), which re- 
late preasymptote performance curve 
characteristics to intertrial rest inter- 
val. Both Kientzle and Kimble em- 
ployed the reverse alphabet printing 
task, whereas Reynolds and Adams 
used the Rotary Pursuit Test. The 
results of these studies differed some- 
what—such as Kimble finding that 
performance curve slope over the 
later trials was positively related to 
intertrial interval while Reynolds and 
Adams found it to be independent of 
distribution. Task differences could 
account for a discrepancy such as this, 
but more likely it can be attributed to 
the portion of the total performance 
curve evaluated in each case. All 
data were obtained in relatively short 

1 The experimental work for this study was 
performed as part of the United States Air Force 
Personnel and Training Research and Develop- 
ment Program. The opinions or conclusions 
contained in this report are those of the author. 
They are not to be construed as reflecting the 


views or indorsement of the Department of the 
Air Force. 


*Now at the Interceptor Pilot Research 
Laboratory, Tyndall Air Force Base, Florida. 
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practice sessions, and the curves were 
well below asymptote level. As a 
consequence, insufficient data were 
available to fully and carefully specify 
over-all performance curve character- 
istics as a function of the distribution 
variable. The study to be reported 
here augments previous research by 
differentiating groups on the basis of 
intertrial interval and by giving pro- 
longed practice to obtain performance 
curves reaching an asymptote level. 


MeETHOD 


Apparatus.—The apparatus employed was a 
15-unit Rotary Pursuit Test described elsewhere 
(3). ‘Time-on-target scores were recorded in 
units of .001 min. on Standard Electric clocks. 
A buzzer sounded and the disks turned for 1.5 
sec. before the clocks could be activated. Trial 
duration and intertrial rest were cycled auto- 
matically by Hunter Electronic Timers. 

Subjects—The Ss were 446 basic airmen 
trainees selected from the population available 
at Lackland Air Force Base, Texas. Subgroups 
of 10-15 Ss were randomly assigned to five 
main groups. 

Procedure.—All groups received identical ex- 
perimental treatment with the exception of 
length of intertrial rest interval. Following 
standard instructions (3), Ss were given 150 
30-sec. trials. Each group had one of the follow- 
ing intertrial intervals: 0 (continuous practice), 
3, 10, 20, or 30 sec. 

A group is designated by the particular inter- 
trial interval used by it, e.g., Group 3 had 3-sec. 
rest between trials. Instructions made no men- 
tion of the length of the practice session or the 
concentration of the practice. This precaution 
was taken to avoid any possible interaction be- 
tween such information and experimental treat- 
ment. Also, the possible biasing effects of hot 
weather on performance over the long practice 
session were avoided by conducting the experi- 
ment in an air-conditioned room. 

The number of Ss in Groups 0, 3, 10, 20, and 
30 were 72, 74, 95, 93, and 112, respectively. 
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RESULTs AND Discussion 


Figure 1 gives a plot of the perform- 
ance for the five groups. It can be 
seen that all curves are of the same 
general family of negatively acceler- 
ated increasing curves. Each group 
has clearly attained an asymptote, 
and the asymptote level is positively 
related to intertrial interval. The 
rate of approach to the asymptote is 
also related to intertrial interval with 
the larger intervals having the more 
rapid rate. It seems unlikely that 
the attainment of an asymptote is 
related to the possibility of some or all 
of the Ss reaching maximum possible 
score since Group 30, which has the 
highest performance level, is well 
below the .500-min. maximum possible 
score. 

Figure 2 shows a plot of the final 
performance level as a function of the 
interval between trials. The depend- 
ent measure in Fig. 2 is the mean of 
the last five trials. Although there 


are not a sufficient number of points 
to carefully define the nature of the 
relationship, the general trend sug- 


gests that it might be a negatively 
accelerated function. 

To evaluate the hypothesis that 
each group had attained an asymptote 
and that this asymptote level differed 
among groups, a trend analysis was 
made of the measures on the last 26 
trials for Groups 0, 3, 10, and 20. 
Group 30 was deleted because its 
Trials X Ss mean square was not 
homogeneous with those of the other 
four groups and therefore could not be 
legitimately included in the pooled 
Trials X Ss mean square error term. 
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The null hypothesis for mean differ- 
ences between groups was tested by 
using the pooled Between-Ss mean 
square of .141 as the error term to 
evaluate the Between-Groups mean 
square of 13.034. For 3 and 330 df, 
the obtained F ratio for this test was 
significant beyond the 1% level and 
permitted rejection of the null hy- 
pothesis. To test the hypothesis that 
the four groups had dttained an 
asymptote, the pooled Trials K Ss 
mean square of .002 was used as the 
error term to evaluate the Trials 
mean square of .001 and the Trials 
x Groups mean square of .002. The 
failure of either of these two F ratios 
to exceed 1 makes tenable the hypoth- 
esis that trial means for all groups 
combined have zero slope in the popu- 
lation and that this trend is the same 
for all groups. This trend test, then, 
confirms the asymptote hypothesis. 
Although Group 30 was not included, 
an inspection of Fig. 1 suggests that 
the trend of its means over this block 
of trials is essentially the same as 
those of the other groups. 

The trend of variance over trials 
and as a function of intertrial interval 
was examined. Variance over trials 
for each group remained essentially 
the same. Variance and intertrial 
interval were generally found to be 
independent. Bartlett’s test for ho- 
mogeneity of variance was made for 
the five variances on every tenth trial. 
Only Trials 110 and 120 had chi- 
square values significant beyond the 
5% level. 

These data extend previous re- 
search (1, 2, 4) in providing informa- 
tion on the quantitative aspects of ex- 
tended motor performance curves as a 


function of practice distribution. 
They show that intertrial interval 
probably does not affect the general 
form of the function but is a deter- 
miner of slope and asymptote param- 
eters. Each group rather quickly 
reached a steady level of responding, 
and this level and the rate of attain- 
ing it were defined by the conditions 
of distribution holding. This char- 
acteristic of human Ss will have to be 
considered by any theoretical schema 
attempting to account for distribu- 
tion of practice phenomena. 


SUMMARY 


Performance on a paced psychomotor task 
was evaluated as a function of intertrial interval. 
The Rotary Pursuit Test was used and 150 trials 
were given. ‘Trial length was constant at 30 sec. 
and each group had one of the following inter- 
trial intervals: 0, 3, 10, 20, or 30 sec. 

It was found that performance curves for all 
groups were negatively accelerated increasing 
functions. Rate of approach to the asymptote 
was positively related to length of intertrial 
interval. Asymptote level appeared to be a 
negatively accelerated increasing function of 
intertrial interval. 
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THE EFFECT OF TASK DIFFICULTY AND AMOUNT 
OF PRACTICE ON PROACTIVE TRANSFER! 


ABRAM M. BARCH? AND DON LEWIS 
State University of Iowa 


The purpose of this study was to 
determine: (a) the kind and amount 
of transfer resulting from successive 
practice on two motor tasks of differ- 
ent difficulty, (b) the effects of revers- 
ing one control on the occurrence of 
errors on the other, and (c) the rela- 
tionship, if any, between amount of 
initial practice and amount of pro- 
active facilitation and/or interference. 

Task difficulty and transfer—A 
tecent study by Baker, Wylie, and 
Gagné (2) and another by Gibbs (6) 
reported that.greater amounts of posi- 
tive transfer were displayed by a 
group going from a difficult to an easy 
task than by a group going from the 
easy task to the difficult orfe. A third 
study (4) gave neutral results. Task 
difficulty was manipulated in these 
experiments by introducing changes 
in the rate of movement or of respond- 
ing required of S; i.e., task difficulty 
was altered by placing greater or lesser 
demands on the perceptual and/or 
motor capacities of S. 

Task difficulty can also depend on 
the extent to which the responses 
required in the task agree or disagree 
with previously learned modes of 
responding; i.e., task difficulty may 
depend on prelaboratory learning (1, 
4, 6, 9, 14). Fragmentary evidence 
(3, 6, 7) suggests that optimum direc- 
tion of transfer may be from easy to 


1This research was supported in part by 
U. S. Air Force Contract No. AF 33(038)- 
13212, monitored by Dr. Robert M. Gagné, 
Director of the Skill Components Research 
Laboratory, Lackland Air Force Base, San 
Antonio, Texas. 

*? Now with the Human Resources Research 
Office, George Washington University. 
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difficult when task difficulty is largely 
a function of prior learning. 

Errors and stimulus-response rever- 
sals—In a recent study by Lewis, 
McAllister, and Bechtoldt (11), Ss 
learned a series of tasks on the Mash- 
burn apparatus. Each task differed 
from the preceding task in that two of 
the three controls were reversed. 
Despite highly significant increases in 
errors on the reversed controls, the 
number of errors on the unchanged 
control either remained about the same 
or was slightly lower after the shift in 
task. This absence of any generali- 
zation of errors could be a general 
phenomenon of complex motor tasks, 
or it could depend on some pe- 
culiar feature of the Mashburn. 
The present experiment attempted to 
resolve this question by testing for 
generalization of errors in a different 
motor-learning situation. 

Transfer and amount of prior prac- 
tice.—Practice on the standard task of 
the Mashburn has been shown by 
Lewis, McAllister, and Adams (10) to 
facilitate and also to interfere with the 
learning of the Mashburn reversed 
task. However, the amount of initial 
practice was unrelated to the amount 
of facilitation or to the amount of in- 
terference. A similar lack of relation- 
ship was found by McAllister (12) in 
a study employing the Modified Two- 
Hand Coordinator. Nevertheless, 
since little is known about those task 
characteristics that contribute to 
transfer in motor learning, it was 
thought desirable to investigate anew 
the effect of amount of initial practice 
with a different type of motor task. 
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Subjects.—The Ss were 230 basic airmen train- 
ees at Lackland Air Force Base during the sum- 
mer of 1951. Seventeen Ss were eliminated 
because of experimental errors or mechanical 
malfunctions. 

Apparatus.—The Iowa Pursuit Apparatus is 
a miniature of the Turret Pursuit Apparatus (8) 
and provides motor tasks of a following pursuit 
type. The target was a small circular hole 
(diameter = 1 in.) in the center of a square shield 
(12 X 12 in.) placed over the face pf a photocell. 
It was located at the end of a boom about 5 ft. 
from S’s face. The S sat on a chair and grasped, 
at about chest height, two pistol-grip-type 
handles. 

There were two control movements. The 
handles could be turned by wrist action a short 
distance about a horjzontal axis and thus change 
the vertical position of a spot of light (diameter 
= 1} in.) that was to be kept on the target. 
The entire control unit (the handles and the 
metal structure to which they were attached) 
could be turned through a small arc about a 
vertical axis and thus change the azimuth posi- 
tion of the spot of light. In this latter turning, 
one handle was pushed away from while the 
other was pulled toward S’s body. 

The target moved through the same irregular 
pathway, perpendicular to S’s line of sight during 
each trial. At the end of each trial, the target 
and the light were automatically returned to 
their starting position. The target and light 
systems were both centered about a single point; 
thus, the axes of both horizontal and vertical 
rotation were the s2me. 

The pathway of the target was controlled by 
two cams driven in tandem by a constant-speed 
motor whose rate of rotation was 1 rpm. One 
cam altered the target’s elevation position, the 
other its azimuth position. Its position was 
actually changed through the action of two 
teversible DC motors, whose direction of rotation 
and speed depended on changes in two special 
center-tapped potentiometers. 

A similar system was used to alter the posi- 
tion of the spot of light. Movements of the con- 
trols introduced changes in center-tapped vari- 
able potentiometers which determined the volt- 
ages on the grids of thyratron tubes and thus 
altered the direction of rotation and speed of 
reversible DC motors. These motors altered the 
azimuth and elevation angles of the box from 
which the spot of light was projected. 

Three measures—time on target, persistence 
of azimuth errors, and persistence of elevator 
errors—were used in this study. ‘Time on target 
was measured as the length of time the spot of 
light was on target during each trial and was 


recorded to the nearest .01 sec. The amount of 
time that each control was moved so as to in- 
crease the distance between the spot of light and 
the target was the measure of persistence of 
error and was also recorded to the nearest .01 
sec. No measure could be obtained of the 
amount of time that each control was stationary. 

Tasks.—F our different tasks were used in this 
study. Differences among the tasks depended 
on changes in the relations between control 
movements and light movements. 

For Task S (the standard task) a counter- 
clockwise turning of the control unit (pushing 
ahead with the right hand and pulling back with 
the left) moved the spot of light to the left, while 
a clockwise turning moved it to the right. The 
response required here is similar to that used in 
steering an automobile or a bicycle. A twist 
of the handle so as to move the thumbs back 
toward S raised the light, fhumbs away lowered 
the light. 

For Task R (the reversed task) the required 
control movements were exactly the opposite of 
those required for Task S; e.g., a clockwise turn- 
ing of the control unit moved!the light to the 
left. The required responses on both controls 
were thus incompatible with habitual modes of 
responding. 

For Task C the elevation control was un- 
changed (as compared with Task S) while the 
azimuth control was reversed. For Task D the 
azimuth control was unthanged (as compared 
with Task S) while the elevation control was 
reversed. 

Data already available indicated that Task S 
was easier than Task R. The expectation was 
that Tasks C and D would be intermediate in 
difficulty. 

Experimental design.—The design consisted 
essentially of giving varying amounts of practice 
on one of two tasks (S or R) and testing for 
transfer on one of two tasks (C or D). The 
design was symmetrical in that there was always 
a reversal of one and only one control between 
the initial and test tasks. 

Fourteen Ss were assigned at random to each 
of 12 experimental groups. Groups 10S-20C, 
20S-20C, and 30S-20C practiced for 10, 20, and 
30 trials, respectively, on Task S and were then 
tested for 20 trials on Task C; Groups 10R-20C, 
20R-20C, and 30R-20C received 10, 20, and 30 
trials, respectively, on Task R and were tested 
for 20 trials on Task C. Similarly, Groups 
10S-20D, 20S-20D, and 30S-20D received 10, 
20, and 30 trials, respectively, on Task S and 
were tested for 20 trials on Task D; Groups 
10R-20D, 20R-20D, and 30R-20D received 10, 
20, and 30 trials, respectively, on Task R and 
were tested for 20 trials on Task D. 

The two control groups, Group 20C (N = 23) 
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and Group 20D (N = 22), received 20 trials on 
Task C and Task D, respectively. 

Thus, the design provided estimates of trans- 
fer to common tasks from tasks of differing diffi- 
culty and tests for generalization of errors. 
Testing for transfer on a common task was 
intended to eliminate the problem of equating 
transfer effects calculated from different bases 
(5). 

Procedure.—The Ss, run in pairs, were given 
instructions on the correct way to manipulate 
the controls before learning their first task. Each 
S then manipulated the controls for a short time 
(about 15 sec.) and saw how the spot of light 
could be moved. The £ next performed for a 
30-sec. trial while the two Ss watched. 

While one S received five 30-sec. trials (with 
intervening rests of 30 sec. each), the other S 
was seated just outside the experimental room. 
The Ss in each pair ‘alternated between working 
for five trials and resting while the other worked 
for the same number of trials. 

At the end of practice on the initial task, Ss 
were told how the new task would differ from the 
old, but they were not given an opportunity to 
manipulate the controls until the first test trial 


began. 


RESULTS 


The occurrence of time-on-target 
scores of zero during the early stages of 
practice on a task and of zero error 
scores on one of the controls at the 
shift in tasks led to the use of medians 
rather than means in a number of sta- 
tistical analyses. 

Initial comparability.—Simple anal- 
ysis of variance was used to test the 
hypothesis that differences among the 
means of the six initial Task S groups 
and also among the six initial Task R 
groups arose from random variations 
in sampling. The median scores of 
individual Ss on Trials 6 through 10 
were used, the last common trials for 
Ss. Separate tests were made for 
time on target, azimuth error, and 
elevator error. None of the obtained 
F values warranted a rejection of the 
null hypothesis. 

Difficulty of tasks —The relative dif- 
ficulty of the four tasks may be noted 
from the performance curves of Fig. 1. 
The time-on-target curves for Tasks 





ABRAM M. BARCH AND DON LEWIS 


S and R are each based on the data for 
56 Ss, while the curves for Tasks C 
and D are based, respectively, on the 
scores for 23 and 22 Ss. 

The sum of the time-on-target scores 
made by each S on Trials 11 through 
20 was used to test for differences 
among the tasks. Because the hetero- 
geneity of variance and the nonnor- 
mality of the distributions suggested 
the inadvisability of using the F test, 
a distribution-free test, described by 
Mood (13), was applied. The hypoth- 
esis under test was that the medians 
for the four groups were not signifi- 
cantly different. The hypothesis could 
be rejected at the 1% level of con- 
fidence. Use of the same test in com- 
paring each task with every other 
indicated that Task S was easier than 
the other three (p = .01), that Task 
D was more difficult than Tasks C 
(p = .01) and R (p = .01), and that 
Tasks R and C fell at the same general 
level. 

The relative difficulty of the tasks 
was further shown by the error scores. 
The mean azimuth error in seconds 
per trial for Trials 11 through 20 for 
Tasks S, R, C, and D was 4.07, 5.06, 
5.89, and 6.46, respectively ; the mean 
elevator error for the four tasks on 
these trials was 6.11, 10.07, 8.94, and 
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TABLE 1 


ANALysis oF VARIANCE OF TimE ON TARGET 
puRING Task C AFTER VARYING 
Amounts or InrT1at Practice 
on Tasxs S or R 























Source af — F 

Amounts 21 3.83 0.59 

‘as 1 | 41.37 6.42* 
Amounts X Tasks zi xe 0.49 
poeeeet (between) . my aun 
Stages X Amounts 2} 054| 0.26 
Stages X Tasks 1} 9.06 4.53* 
Stages X Amounts 2} 0.00 0.00 

X Tasks 
Residual (within) 78 | 2.11 

Total 167 

“ Significant st o ig iva: 


15.13, 14.83, and 18.57, respectively. 
The lowest values were for Task § 
and the highest for Task D, with inter- 
mediate values for Tasks R and C. 
The error on the elevator control was 
consistently higher than the corre- 
sponding azimuth error. 

Kind and amount of transfer —To 
determine the effects of differences in 
task difficulty on the kind and amount 
of transfer, the performance of initial 
Task S groups was compared with that 
of initial Task R groups. Median 
time-on-target scores made by each S 
on the first five and also on the last 
five trials of Task C or Task D were 
used to provide an early and a late 
measure of transfer. 

Table 1 summarizes the analysis of 
variance of performance on Task C 
following initial practice on Tasks § 
or R.wIn this and the following 
tables, amounts refers to the number 
of trials in the initial phase of practice, 
tasks refers to the task in initial prac- 
tice, and stages refers to early and late 
measures on the test task. The F 
value for tasks was significant at the 
2% level; however, the Stages X 
Tasks interaction was also significant. 


Therefore, separate t tests were made 
for early and late test task perform- 
ance. The ¢ was insignificant for the 
early comparison. During the late 
stage the combined Task S groups per- 
formed significantly better on Task C 
(p = .02) than the combined Task R 
groups. In addition, the Task S 
groups increased their scores signifi- 
cantly more (p = .05) from early to 
late than the Task R groups. Thus, 
transfer was greater when practice on 
an easy task preceded practice on a 
more difficult one than when practice 
occurred on tasks of approximately 
equal difficulty. This effect was not 
transitory since it increased in magni- 
tude with additional practice on the 
test task. The effect was also inde- 
pendent of the amount of previous 
practice. 

Figure 2 presents the mean time-on- 
target curves for the combined § to C 
groups, the combined R to C groups, 
and Group 20C. It can be seen that 
the curve for the Task S groups is 
consistently higher, except for Trial 1, 
than the curve for the Task R groups. 

An analysis of variance for time-on- 
target scores on Task D after practice 
on Tasks S or R (for form of analysis 
see Table 1) revealed that there was a 
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Fic. 2. Means of time on target on 20 trials 
of Task C for Control Group 20C, for all experi- 
mental groups that shifted from Task S to Task 
C, and for all experimental groups that shifted 
from Task R to Task C 
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significant triple interaction (F = 4.58 
for 2 and 78 df) between amount of 
initial practice, initial task, and stage. 
Therefore, simplified analyses of the 
type summarized in Table 2 were used. 

There were no significant differences 
among the various groups in the early 
stage of Task D. In the late stage, 
however, as seen in Table 2, there was 
a significant Amounts X Tasks inter- 
action (p = .05). A further break- 
down and the use of ¢ tests showed 
that Group 10S—20D performed better 
than Group 10R-20D (p = .01) and 
Group 20R-20D (p = .02). None of 
the other differences was significant. 
The mean time on target during the 
late stage for the Task S groups was 
3.97, 2.95, and 2.97 sec., respectively; 
the mean time on target for the Task 
R groups was 1.68, 2.15, and 3.96 sec., 
respectively. From this trend for the 
Task R groups there is a possibility 
that more than 30 trials of practice on 
Task R might have led to a significant 
difference in favor of the initial Task 
R groups. The only significant differ- 
erences under the conditions of this 
experiment are again in favor of prac- 
tice, initially, on Task S. /Thus, trans- 
fer was greater, or not significantly 
different, when practice on an easy 
task preceded practice on a very diffi- 
cult task than when practice on a 


TABLE 2 


ANALYsIS OF VARIANCE oF TIME ON TARGET 
DURING THE Fina Stace or Task D 
AFTER VARYING AMOUNTS OF 
Practice on Tasks S orn R 











Source af p nnd F 
Amounts 2 6.12 | 1.47 
Tasks 1 10.37 | 2.49 
Amounts X Tasks 2 19.03 | 4.56* 
Residual 78 4.17 

Total 1 83 y 














* Significant at the 5% level. 
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Fic. 3. Means of time on target on 20 trials 
on Task D for Control Group 20D, for two 
groups that began on Task S and shifted to Task 
D, and two groups that began on Task R and 
shifted to Task D 


difficult task preceded practice on the 
very difficult task. 

Performance curves for five of the 
groups that practiced on Task D are 
shown in Fig. 3. Curves for Groups 
20R-20D and 20S-20D were omitted 
to make the graph more readable. 
They displayed common trends and 
were similar to the curve for Group 
30S-20D. 

Generalization of errors.—One of the 
purposes of this study was to test for 
an increase in errors on the unchanged 
control on Tasks C and D following 
practice on Tasks Sor R. The meas- 
ures used were medians, for each S, of 
the errors made on the last five trials 
of initial practice, the first five test 
trials, and the last five test trials. In 
other words, there was a pretest. meas- 
ure along with measures for early and 
late stages on the new task. Medians 
were appropriate, especially for the 
early test stage, because of the pres- 
ence of zero or near-zero error scores. 
These arose because some of the Ss 
were so confused during the first few 
test trials by the reversal of the con- 
trols that they either failed to move 
the controls at all or moved them very 
little. 

Table 3 summarizes the analysis of 
variance for the error scores on the 
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TABLE 3 


Anauysis or VARIANCE oF ERRORS ON THE 
Uncuancep E.evatror CoNnrTRoL FOR THE 
Pretest Stace or Task R anp THE Ear.y 

anp Late StaGes AFTER VARYING 
Amounts or Inittat Practice 
on Task R 








Source af | Mean F 





Amounts 
Residual (between) 39} 16.47 
Stages 2 | 126.37 | 34.62* 
Amounts X Sta: 4) 31.12} 8.53* 
Residual (within) 

Total 125 














* Significant at the .1% level. 


elevator control while going from 
Task Rto Task D. Both the F value 
for amount of initial practice and the 
F value for Stages X Amount are sig- 
nificant at beyond the 1% level. 

The mean elevator error for Group 
10R-20D for the pretest, early, and 
late stages was 13.95, 13.77, and 11.39 
sec., respectively ; for Group 20R-20D 
it was 10.80, 14.30, and 10.85 sec.; 
for Group 30R-20D it was 7.14, 12.51, 
and 9.02 sec. There was no signifi- 
cant increase in errors for Group 1OR- 
20D ; there was a significant increase 
(p = .01) from pretest to early for 
Group 20R-20D; and there were sig- 
nificant increases in errors from pre- 
test to early (p = .01) and pretest to 
late (p = .05) for Group 30R-20D. 
The changes in elevator error for these 
groups can be seen in Fig. 4. 

Limitations of space preclude de- 
tailed analysis of the results. The 
findings, however, can be readily sum- 
marized. For the shift from Task R 
to Task C the values of F for amount 
of initial practice and Stages X 
Amount are both significant (p = .01). 
The individual comparisons by ¢ tests 
repeat the pattern of the Task R to 
Task D shift. For the shift from 
Task S to Task D the F value for 


amount was not significant, but the 
value for Stages X Amount was sig- 
nificant (p = .01), again showing that 
tendencies to display increased errors 
on the unchanged control depended on 
the amount of initial practice. Thus, 
for three of the four shifts in task (R 
to D, R to C, and § to D), the change 
in errors on the unreversed control was 
clearly related to the amount of initial 
practice, with the smallest amount 
leading to a small decrease in the early 
test trials and the larger amounts lead- 
ing to highly significant increases in 
errors throughout the test trials. 

For the other shift (S to C), the 
amount of initial practice was unre- 
lated to the change in errors on the 
unchanged control, but all three 
amounts of initial practice led to sig- 
nificant increases in error scores (p 
= .05 or better) throughout Task C. 

Proaction and amount of initial prac- 
tice.—The previous section presented 
some evidence for a relationship be- 
tween amount of initial practice and 
increase of error on the unchanged 
control. Analyses of time on target 
or error made on the changed control 
with respect to this variable gave 
either equivocal or inconsistent results. 

There were no significant differences 
between any of the S to C groups and 
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Group 20C or between any of the S to 
D groups and Group 20D on these two 
measures. Group 20C made a signifi- 
cantly higher mean time-on-target 
score (p = .01) in the final stage of 
Task C than did Group 30R-20C. 
On the other hand, Group 30R-20C 
made a lower error score on the 
changed control than Groups 20C or 
20R-20C (p = .05 or better) in the 
early stage and was still superior to 
Group 20R-20C (p = .01) in the final 
stage. In the final stage of Task D, 
Group 30R-20D made a significantly 
higher mean time-on-target score (p 
= .05 or better) than the other R to D 
groups or the control group. But, 
Groups 20D and 30R-20D made a 
lower error score on the changed 
control throughout Task D (p = .05 
or better) than did Groups 10R-20D 
and 20R-20D. Other differences were 
similarly inconsistent. 


Discussion 


Task difficulty —Tasks C and D, which 
involved the reversal of only one control 
(as compared with Task S), were not 
easier than Task R, for which both con- 
trols were reversed. Task C was equiva- 
lent to Task R in difficulty, while Task D 
was significantly more difficult than 
either Tasks C or R. This finding is in 
contradiction to the conclusion of Norris 
and Spragg (14) that equivalent per- 
formance is to be expected regardless of 
whether one or both controls of a track- 
ing task must be moved in “unnatural” 
(noncontinuous) directions. 

The reason that Task S is the easiest of 
the four is obvious: it requires responses 
that are basically the same as long estab- 
lished habits of steering and aiming. The 
reason that would account for the relative 
difficulty of the other tasks is not obvi- 
ous. Fortunately, the availability of 
error data allows for the selection of two 
tenable hypotheses. 

The first problem is why -reversal of 
one control creates a task at least as diffi- 
cult as reversing both controls (indicated 
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in this data and that of Norris and 
Spragg). One possibility is that in per- 
forming Task R S is constantly reminded 
that the whole situation is contrary to his 
usual mode of responding or is reversed. 
A set for reversal is induced and main- 
tained. An error on either control con- 
tributes to the maintenance of this 
reversed set with respect to both con- 
trols. When a single control is reversed, 
this general set for reversal is not advan- 
tageous. It leads to making “reversed”’ 
responses on the nonreversed control and 
to making “‘nonreversed” responses on 
the reversed control. 

Some empirical support for this con- 
jecture can be found in the error data 
provided in the task-difficulty portion of 
the Results section. The mean azimuth 
error (reversed control) on Task C is 
higher than the mean azimuth error in 
Task R, where the azimuth control is 
also reversed; the mean elevator error 
(nonreversed control) of Task C is higher 
than the mean elevator error in Task S, 
where the elevator control is also non- 
reversed. Similar results appear when a 
reversed elevator control and a non- 
reversed azimuth control are considered. 
Thus, in each case, for a given setting of 
the control (i.e., reversed or nonreversed), 
there were more errors on that control 
when the other control was in the oppo- 
site setting than when the controls were 
in like setting. 

The hypothesis stated above does not 
indicate why Task D should be more diffi- 
cult than Task C; i.e., why tasks with 
one reversed control and one nonreversed 
control should differ among themselves. 
One possibility, and by no means the 
only one, is that the discrimination neces- 
sary to determine which control requires 
reversed action and which does not is 
especially difficult when the more difficult 
of the two controls is reversed. Task D 
reversed the elevator control; errors on 
the elevator control were greater than 
errors on the azimuth control for each 
task, respectively. A check on this 
second hypothesis will require further 
experimentation. 

Task difficulty and transfer —Because 
a task intermediate in difficulty between 
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Tasks S and R was not found, a part of 
the experimental design was faulty. The 
desired design was one that provided 
practice on an easy task followed by 
practice on more difficult tasks and prac- 
tice on a very difficult task followed by 
practice on easier tasks, with the tasks 
of intermediate difficulty providing a 
common test task. The outcome was 
that practice during the test trials was 
always on a task as difficult as the initial 
task or more difficult than the-initial task. 
Therefore, an unequivocal statement can- 
not be made regarding the optimum order 
of practice on tasks of differing difficulty. 

The data tended to show, nevertheless, 
that more positive transfer would arise 
if the easier of the two tasks is practiced 
first. There was more transfer from 
Task S to Task C than from Task R to 
Task C. Also, in general, there was 
more transfer from Task S to Task D 
than from Task R to Task D, though 
amount of initial practice appears to 
interact with task difficulty in this 
comparison. 

These findings are in contrast to pre- 
vious findings (2, 6) that more positive 
transfer was obtained when the more 
difficult of two tasks was practiced first. 
It must be remembered that the previous 
studies manipulated task difficulty by 
placing differential demands on the per- 
ceptual and motor abilities of Ss, while 
task difficulty in the present study was 
manipulated by requiring responses that 
agree or disagree with previously learned 
modes of responding. 

Errors on the unchanged controls —The 
significant increases in errors on the un- 
changed control at the points of shifting 
tasks suggest that generalization of errors 
does occur in complex motor tasks. The 
increases cannot be attributed to the fact 
of shifting from easier to more difficult 
tasks. Tasks R and C are about equal 
in difficulty, and yet the pattern of in- 
crease in errors for the groups shifting 
from Task R to Task C was quite con- 
sistent with the pattern of increases for 
the other experimental groups. 

A number of task characteristics may 
be responsible for the increase of errors 
in this study and the lack of an increase 


in the Mashburn study (11). The Mash- 
burn tasks are self-paced, have a number 
of target objects (stimuli) separated in 
space, and have controls separated in 
space. The Turret Pursuit is paced, has 
a single target, and has controls that are 
spatially close. 

Proactive effects——The increases in 
errors on the unchanged control were, 
for the most part, directly related to the 
amount of initial practice. Time-on- 
target scores and error scores on the 
changed control were generally not differ- 
entially dependent on amount of initial 
practice. The results suggest that the 
relationship between amount of initial 
practice and transfer is by no means a 
simple one and that this relationship is 
greatly affected by variations in task 
characteristics. Furthermore, a surpris- 
ing discrepancy occurred between results 
for the error measure and for the time- 
on-target measure in view of the fact that 
errors were measured as amount of time 
spent moving away from the target. 


SuMMARY 


Optimum order of practice on motor tasks of 
different difficulty, the effects of reversing one 
control on the occurrence of errors on the other 
control, and the relation between proactive effects 
and the amount of first-task practice were 
studied in a complex tracking task. 

Four variations of the basic task were used: 
Task S, expected control-display relations; Task 
R, both controls reversed ; Task C, only the hori- 
zontal control reversed; Task D, only the ver- 
tical control reversed. Experimental groups of 
14 Ss each practiced for 10, 20, or 30 trials on 
Tasks S or R and were tested on Tasks C or D. 
Two control groups of 23 and 22 Ss practiced 
only on Tasks C or D, respectively. 

The results indicated that: (a) reversal of one 
control in a dual-control tracking situation 
resulted in a task as difficult or significantly more 
difficult than the reversal of both controls; (b) 
greater positive transfer was obtained from an 
easy to a more difficult task than between tasks 
of equal difficulty, and more positive transfer 
was obtained from an easy task to a very difficult 
one than from a difficult task to the very difficult 
one; (c) errors increased on an unmodified con- 
trol whenever a shift in tasks occurred, with the 
increase being generally related to the amount of 
previous practice; (d) aside from ¢ there were no 
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consistent relationships between proactive effects 
and the amount of initial practice. 
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DISCRIMINATION REVERSAL TO A SIGN! 


ARTHUR J. RIOPELLE AND ELTON L. COPELAN 
Emory University 


Psychology 


Recent investigations of the forma- 
tion of discrimination-reversal learn- 
ing sets (1, 2, 3) have demonstrated 
that in each of a series of problems, the 
rhesus monkey may, after a single 
unrewarded stimulus seléction, exe- 
cute a previously unrewarded response 
to secure food reward. A quantita- 
tive expression for the orderly im- 
provement in this ability has been 
proposed by Meyer (3) for monkeys 
that previously had formed discrimi- 
nation-learning sets. 

In those studies the reward was 
shifted from one stimulus object to 
the other without warning, so that the 
animal was forced to commit at least 
one error on each problem in order to 
be informed of the shift in reward. 
Two distinct factors are possibly in- 
volved in such performance, either of 
which could be of primary significance. 


First, it may be necessary that the 


animal execute a response to one of the 
stimuli and that this response be unre- 
warded in order for him to shift his 
preference to the other object. An 
alternative possibility is that the unre- 
warded response which actually occurs 
serves only as a signal for habit rever- 
sal. The former possibility empha- 
sizes the frustrational aspects of an 
unrewarded response, whereas the 
latter viewpoint minimizes their im- 
portance. Although the two factors 
may be mutually facilitating when 
they occur simultaneously, as in pre- 
vious studies, a situation can be de- 
vised such that habit reversal is pos- 
sible without the necessary commission 


1Supported in part by a research grant 
(M-589) from the National Institute of Mental 
Health of the National Institutes of Health, 
Public Health Service. 


of an error. Should the animals learn 
to make such reversals, the “frustra- 
tion” hypothesis would be contra- 
indicated. 4 
The primary purpose of this experi- 
ment was to determine whether or not 
rhesus monkeys could acquire the set 
to perform discrimination reversals to 
a sign not involving an unrewarded 
response. A further purpose of the 
experiment was to determine whether 
or not habit reversal to such a sign, if 
possible, could be generalized to other 
signs. 


MeETHOD 


Subjects —Five adolescent rhesus monkeys 
(Numbers 2, 6, 11, 15 and 16) were used. All 
had previously been trained on an extended series 
of all possible problems that could be generated 
from only four stimuli. In addition, the mon- 
keys were tested on a series of discrimination and 
discrimination-reversal problems. Of those re- 
sults, the most significant for the present study 
is the fact that the animals were able to solve 
discrimination and discrimination-reversal prob- 
lems in one trial before this experiment was 
begun (5). 

Apparatus and test-trial procedure—All Ss 
were tested in the Emory modification of the 
Wisconsin General Test Apparatus (1). In this 
device, two stimuli are’presented on a tray to the 
caged monkey for selection on each trial. A 
trial begins when an opaque screen, located 
between the monkey and the stimuli, is raised. 
The animal responds by displacing one stimulus 
object. When the stimulus object is displaced, 
a food well is revealed which, when covered by 
the correct object, is always baited with a small 
piece of highly desired food. If S selects the 
wrong object, the stimulus tray is withdrawn to 
prevent displacement of the remaining object 
(moncorrection procedure). A one-way vision 
screen is interposed between S and the stimuli. 
When this is lowered (while S makes his choice), 
E can’t be seen. 

Problems were administered for 12 or 14 trials 
each. Every problem began as a discrimination 
problem on a green stimulus tray, but after ei 
six or eight trials, the reward was shifted from! 
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Fic. 1. Percentage of correct reversals elic- 
ited by shift in color of test board from green to 
yellow. Each point on the curve is based on 100 
responses (five animals at four problems per day 
for five days). 


the one object to the other. On the trial on 
which the reward was shifted, and on the five 
subsequent trials, the stimulus objects were pre- 
sented on a yellow tray. This shift in color 
could thus serve as a sign that the reward had 
also shifted. Four problems were presented 
every day, and every problem involved such a 
discrimination reversal. 

During the second phase of the experiment, 
additional colors were introduced. Sequences 
involving green and yellow were presented on a 
two-color stimulus tray that pivoted about its 
center; sequences involving blue, white, pink, or 
brown were presented on a four-color tray oper- 
ating in the same manner. 

Experimental design —The entire experiment 
lasted 100 days. During the first 55 days, the 
color sequence of green stimulus tray to yellow 
stimulus tray was followed. During the remain- 
ing 45 days, certain alterations and additions in 
color sequences were used in order to determine 
the™ generality of response to other color se- 
quences. The nature of these alterations and 
the number of days spent on each are indicated 
in Table i. A variety of color sequences was 
used each day. 


RESULTS 


Figure 1 portrays the principal 
results for the first 55 days. It shows 
the percentage of correct reversals 
occasioned by the change in back- 
ground from green to yellow. Each 
point is based on 100 trials, (five ani- 
mals at four problems per day for five 
days). From this figure it is seen 
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that at the beginning of the experi- 
ment, Ss ignored the shift in back- 
ground color and, instead, persisted in 
selecting the originally rewarded ob- 
ject. With continued training, how- 
ever, they learned to shift their 
response from one stimulus to another 
when the background changed from 
green to yellow. Performance on this 
critical trial eventually attained 99% 
correct on 100 trials. 

Table 1 shows the data for new 
color sequences presented on Days 
56-100. The entries in the table show 
the nature of the color sequences, the 
number of trials, and the percentage 
of correct reversals to the color shift. 
The table is arranged to facilitate 
comparisons between new color se- 
quences and those previously learned, 
but tested at the same time as the new 
color sequences (denoted by asterisk). 


TABLE 1 


PercenTAGE oF Correct REVERSALS 
OccasIoneD By VARIOUS 
Cotor SEQUENCES 


























Days Color Sequence saa SS 
56-60 Yellow-Green 100 94 
61-75. Green-Yellow o 4 

Pink-Brown 50 74 

76-00 | Brown-Pink 30 | 82 
81-85 Brown-White 25 80 
White-Brown 25 80 

° 50 90 

Pink-White 30 100 

86-95 White-Pink 35 91 
° 135 96 

Blue-Brown 5 100 
Blue-White 10 100 

Blue-Pink 10 100 

96-100 Brown-Blue 10 100 
White-Blue 5 100 

Pink-Blue 10 100 

. 100 99 














*D same probl as in category immediately 
above, previously learned but tested at the same time 
as the new color sequences. 
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It may be noted from this table that 
after a brief period of inefficient per- 
formance occasioned by the introduc- 
tion of the four-color test tray, Ss 
responded to new color sequences 
without error. 


Discussion 


Not only did these Ss acquire the abil- 
ity to perform discrimination reversals 
contingent upon a particular color 
change, but they also performed them to 
other color sequences, eventually to new 
sequences upon their first appearance. 
Both observations bear upon current the- 
oretical problems. In the first place, 
this demonstration clearly indicates that 
the overt commission of an error, and its 
presumed frustrational consequences due 
to absence of reward, are not necessary 
for successful discrimination-reversal 
learning. This interpretation implies 
that whereas a particular test object 
serves to signify reward, the reward itself, 
in the usual discrimination-reversal pro- 
cedure, may serve to direct responses to 
stimuli on the succeeding trial. 

The data indigating that these animals 
were able to form a discrimination-rever- 
sal learning set to a change in background 
color from green to yellow add to our 
knowledge of the so-called “‘conditional- 
discrimination.” Indeed, the acquisition 
of a set to perform discrimination reversal 
to a sign exactly fulfills the requirements 
for a conditional-discrimination learning 
set. Furthermore, if the role of the unre- 
warded response in discrimination-rever- 
sal learning is that indicated above, the 
discrimination-reversal learning set would 
seem to be especially closely related to 
the conditional-discrimination learning 
set, the principal difference being in the 
nature of the sign indicating reversal. 
The significance of the conditional-dis- 
crimination problem, its current status, 
and the various theoretical approaches to 
it have been summarized recently by 
Nissen (4) and will not be reviewed here. 


A special finding of this experiment was 
the ease with which Ss were able to per- 
form conditional discriminations when 
correct choice was contingent upon color 
sequences never before encountered. 
This ability, which might be designated 
by the complicated expression “general- 
ized conditional-discrimination learning 
set,”” exemplifies the extent to which Ss’ 
responses are determined independently 
of the specific physical characteristics of 
the immediate stimulus situation. In 
the particular form of the generalized set 
developed in this experiment, response to 
a change in color is critical, although the 
particular colors involved are not. Cor- 
rect performance is thus dependent upon 
response to “identity” and “difference,” 
which Nissen has proposed “. . . to be 
a primitive and universal phenomenon in 
animal behavior” (4, p. 286). 


SUMMARY 


Five rhesus monkeys were trained to perform 
discrimination reversals contingent upon a 
change in color of the tray bearing the stimulus 
objects from green to yellow. After they became 
proficient at this task, the monkeys were tested 
on new problems involving new color sequences. 
This generalized response was readily acquired. 
The results are related to discrimination reversal 
and to conditional-discrimination learning. 
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IMMEDIATE RECALL AS A FUNCTION OF DEGREE OF 
ORGANIZATION AND LENGTH OF STUDY PERIOD 


HERBERT RUBENSTEIN 
Michigan State College 
AND MURRAY ABORN 
Officer Education Research Laboratory, Air Force Personnel and Training Research Center 


We have this situation: a learner is 
presented with a passage of nonsense 
syllables in which a given amount of 
information has been encoded. The 
amount of information was fixed by 
limiting (through various rules) the 
number of alternatives from which 
each syllable was selected. Each syl- 
lable in the passage contains about the 
same amount of information, meas- 
ured in bits. 

The learner knows nothing of en- 
coded information. He knows only 
that the passage conforms to certain 
rules and he knows what these rules 
are. Accordingly, the passage has 
some “degree of organization.” The 
degree of organization is inversely 
related to the rate of encoded infor- 
mation, i.e., the amount of information 
per syllable. Ifthe rate of information 
is high, the degree of organization is 
low. If the rate of information is low, 
the degree of organization is high. 


be Weereet be sligwred s. proscribed 
time in which to study the passage; he 











has been instructed to memorize as 
much of it as he can. Immediately 


following the study period, he is asked 


to recall all that he studied. This pro- _ 








cedure is repeated for a series of pas- 
sages representing different degrees of 
organization, 

In speculating on the outcome of an 
experiment of this sort, one might 
logically hypothesize an orderly rela- 
tion between the amount of informa- 
tion that would be contained in the 
material recalled (the recall score is 
the sum of the bit values of the seg- 





ments recalled) and the degree of 
organization of the material studied. 
With a number of degrees of organi- 
zation represented, three alternatives 
suggest themselves: (a) the amount of 
information recalled will increase as 

= deg me ie 
(6) it will decrease as t ree_of 
organization increases; or (c) it wi 
remain the same for all degrees of 
organization. ‘The last alternative 
would seem moet promising. Theo- 
retically, it should require no more 
effort, or at least it should be no more 
time-consuming, to learn 12 bits of 
information when they are distributed 
among 12 segments of material than 
when they are distributed among any 
lesser number. Where 12 bits of 
information are distributed among 12 
segments, a great deal of their organi- 
zation is known even before learning 
begins. Where 12 bits of information 
are distributed among, say, 4 seg- 
ments, very little of their organization 
can be presumed. 

This notion of constancy in amount 
of information recalled is not entirely 
supported by the results of previous 
research, however. According to two 
earlier studies, information Té 
tends to remain constant only in mate- 

















‘rials of low degree of organization. 
The investigation of Miller and Self. 


-tidge (2) dealt with immediate recall 


ation to both sage 

of organization. Their 

data evidence almost no difference at 
all in the number of words recalled 
from the three highest degrees of 
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organization, even in the longest pas- 
sages, where the recall differences 
among the various degrees of organi- 
zation were usually greatest. Simi- 
larly, the present authors’ earlier 


study (1), which investigated immedi- 


ate recall in six nonsense syllable pass- _ 





ages of Snowa rates of informatian, 
showed that after a 3.min.—_study 
period, Ss recalled approximately the 
same amount of information in the first 
four passages but less in the two pass- 


ages of highest organization. 








PROBLEM 


The present study found its origin 
in the search for an explanation for the 
deggease_in information recalled in 
passages of highest organization. 
Among the factors-which seemed of 
most direct influence were the inade- 
quate training of Ss and the brevity 
of the study period. Although the Ss 
of our earlier study were selected on 
the basis of their ability to manipulate 
the nonsense syllable inventory, they 
might well have been insufficiently 
familiar with the specific organization 
patterns employed in the six experi- 
mental passages. They were allowed 
only a 10-min. period i 
each ofthem. Moreover, they lacked 





hich to learn 





practice in the memorization process 


passages of lower organization. A 
readministration of our earlier mate- 
rials (with better trained Ss) over a 
succession of study periods was under- 
taken as a test of this possibility. 


MetTHop 


The materials were generally the same as 
those used in the earlier study (1). 


Inventory of Nonsense Syllables 


A vocabulary of 16 readily pronounceable 
nonsense syllables was constructed. These syl- 
lables were: 


Class 1 Class 2 Class 3 Class 4 
ZAP YAV KER EMP 
ZAS YAD KEZ ERT 
ZOP YOM KIF INF 
ZOT YOG KIB IPS 


In order to permit the setting up of simple 
rules of distribution, the nonsense syllables were 
divided into four classes, each containing four 
syllables. To facilitate their learning, the syl- 
lables were constructed so that the membership 
of each class was characterized by some formal 
feature: Class 1 syllables all began with Z, Class 2 
syllables all began with Y, Class 3 with K, and 
Class 4 with EorI. The other formal features 
may be seen by inspection. 


Structure of the Patterns and Passages 


Six patterns of organization were used in the 
earlier study. The passages embodying these 
patterns were 30-32 syllables in length. The 

resent study employed five of these six patterns. 
Since longer study periods were now being used, 
the passages were lengthened to 80 syllables. 





itself, i.e., in making the most efficient 





use of the study time. 

With regard to the memorization 
of the six experimental passages, the 
selection of a 3-min. study period 
might also have been an unfortunate 
choice. It might be that the _rate-of 


“The syllables of all passages were separated into 
groups of four (by means of periods and spacing) 
except in Pattern 3, which required that they be 
separated into groups of two. As in the first 
study, all syllables occurred with approximately 
the same frequency in each passage. 

In Pattern 1, the syllables were presented ran- 
domly. This meant that at any point in a pas- 
sage, S had to choose his syllable from among 16 


recall (the amount of information— alternatives. The rate of information per syl- 


recalled divided by the duration of the — 
period) decreases more slowly—. 


study i 

in passages of higher organization. If 
this is so, there might be a study period 
of such duration that the same amount 


of information would be recalled in 
passages of higher organization as in 


lable was therefore 4 bits. 

In Pattern 3, the syllables were marked off 
into groups of two. There were two kinds of 
groups. One consisted of a Class 1 syllable 
followed by a Class 2 syllable, and the other 
consisted of a Class 3 syllable followed by a Class 
4 syllable. The kinds of groups occurred in 
random order. The number of alternatives from 
which S chose the first member was eight; i.c., 
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he chose from the membership of two classes: 
1 and 3. The rate of information for each first 
member was therefore 3 bits. The number of 
alternatives involved in his choice of the second 
member was only four, since the class of this 
member is inferable from the class of the first 
member. The rate of information for each sec- 
ond member was therefore 2 bits. The average 
rate of information for the pattern was 2.5 bits 
per syllable. 

In Patterns 4, 5, and 6, the groups were four 
syllables long. Within each group, the first syl- 
lable belonged to Class 1, the second to Class 2, 
and so on. This was the total organization in 
Pattern 4. At any point in this pattern, then, 
it was possible to infer the class of the sought- 
after syllable from the class of the preceding syl- 
lable, and S chose from among four alternatives. 
The rate of information in Pattern 4, then, was 
2 bits per syllable. 

The additional restriction in Pattern 5 was 
that a syllable could not contain the same vowel 
as the preceding syllable. This served to limit 
the choice in the second and fourth positions in 
the group to two alternatives for each position. 
The rate of information for these members was 
therefore 1 bit. There still were four alterna- 
tives apiece for the first and third positions. 
The rate of information for these members was 
therefore 2 bits. The average rate of information 
for this pattern was 1.5 bits per syllable. 

Pattern 6 had the same organization as Pat- 
tern 4, with the following restrictions: The 
vowels in the odd-numbered groups were AAEE, 
e.g., ZAP YAV KEZ EMP, while the vowels in 
the even-numbered groups were OOII, e.g., ZOP 
YOG KIF INF. Selection at any point, conse- 
quently, was limited to two alternatives. The 
rate of information in this pattern was 1 bit per 
syllable. 

Since the rate of information decreases as we 
go from Pattern 1 to Pattern 6, it may be said 
that the degree of organization increases as we 
go from Pattern 1 to Pattern 6. 


Scoring 


Two criteria had to be satisfied for a syllable 
to be considered correctly recalled: (a) The form 
of the syllable had to be reproduced unambigu- 
ously, and (b) the syllable had to be given in its 
correct serial position within the passage. Since 
Ss sometimes omitted syllables without properly 
indicating the omissions, strict application of the 
second criterion would require that all syllables 
following the omissions be scored as incorrect. 
It was reasoned that this would give an erroneous 
picture of Ss’ performances. Thus, the criterion 
was relaxed to this extent: In al! patterns, a 
group of two or more syllables reproduced in 
correct order relative to each other could be dis- 


placed as many as four units from the required 
serial position and all but the first syllable of 
the group would be scored as correct. 


Training 


All Ss attended a series of 2-hr. training ses- 
sions daily for fivedays. By the time the experi- 
mental procedure began, each S had received 10 
hr. of training. The training procedures were 
aimed at mastery of the nonsense syllables and of 
the characteristics of the classes into which they 
were divided, facility with the organization pat- 
terns of the specific passages to be used with a 
given experimental group, and efficiency in mem- 
orizing in study periods of varying duration. 
Familiarity with the syllables and the organiza- 
tion patterns was achieved in the early sessions. 
Although review of the organization patterns was 
not neglected, the later sessions emphasized 
memorization. For example, Ss were given the 
following kinds of exercises: (a) reciting extem- 
poraneously created passages, (b) writing extem- 
poraneously created passages (“see how many 
groups of the x organization pattern you can 
write out in y minutes”), (c) studying passages 
for varying study periods and recalling the syl- 
lables studied—a simulation of the experimental 
procedure. 

The Ss in Group I practiced on Patterns 1, 4, 
and6. The Ss in Group II practiced on Patterns 
1,3, and 5. Practice was devoted primarily, but 
not completely, to the organized patterns. Prac- 
tice effect unquestionably operates in the random 
as well as in the other patterns. Inspection of 
the errors in recall from the practice passages of 
Pattern 1 indicated an early tendency to carry 
over the patterns of organized passages. If 
nothing else, practice is necessary to enable Ss to 
counteract the negative transfer effects of organi- 
zation. The Ss had to learn to treat random 
passages as random. 

By the end of the training period, the tend- 
ency to carry over patterns seemed to disappear, 
and practice recall scores began to show a slight 
trend toward a leveling-off for any given study 
period. Although Ss reached a high degree of 
proficiency, they cannot be considered to have 
been maximally practiced even in 10 hr. of train- 
ing. The retest results for Group I, for example, 
show a marked improvement in recall following a 
week of rest and a little review. 


Subjects 


It was necessary to work with two rather small 
groups of students who were sufficiently motivat- 
ed to volunteer their services for the lengthy 
training and experimental procedures without re- 
muneration. Group I consisted of 14 undergrad- 
uate juniors and seniors. Group II consisted of 
12 undergraduate juniors and seniors. 
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TABLE 1 
Means anv SD’s or Recatt sy Patrerns anv Stupy Periops 
Study Period 
Rate of 
Group Pattern Infor- 1 Min. 3 Min. 5 Min. 10 Min. 15 Min. 20 Min. 
mation 
Mean; SD | Mean| SD | Mean) SD | Mean} SD | Mean) SD | Mean) SD 
1 4 20.3 | 5.8 | 31.4} 14.9) 45.7 | 17.2) 58.9 | 19.4) 91.1) 28.4] 95.7 | 33.8 
I 4 2 16.6 | 3.9 | 27.1 | 7.6) 38.4 | 12.6) 54.3 | 13.5) 54.3) 18.6) 68.0} 22.1 
6 1 13.1 | 5.3 | 20.2 | 7.1) 32.2 | 12.9) 39.0 | 15.3) 42.9) 12.7] 45.6) 11.4 
1 4 | 28.0 |10.9 97.4| 25.9) 
I 4 2 25.9 | 9.2 79.0| 27.7 
(Retest) 6 1 17.6 | 4.7 61.0) 24.1 
1 4 35.3 |15.6 | 52.0 | 17.4) 66.3 | 29.5) 93.3 | 42.2) 121.3) 44.0 
Il 3 2.5 27.2 | 9.5 yt 18.1) 59.0 | 17.1) 66.6 | 29.9) 90.2) 34.0) 
5 1.5 20.5 | 7.6 | 39.6 | 21.2) 40.2 | 15.4) 55.9 | 21.7| 71.4) 17.8 















































Note.—Means and SD’ in bits. For any cell of the table, a reliable estimate of the number 
recalled can be found by dividing the figure in bits by the average rate of information of the pattern. 


Procedure 


Group I.—Patterns 1, 4, and 6 were taken for 
six study periods: 1, 3, 5, 10, 15, and 20 min. 
The experimental sessions were spaced over a 
period of five days, with three or four passages 
administered per day; the sessions were exactly 
24 hr. apart. The procedure at each session 
followed this plan: A mimeographed passage was 
distributed face down. The Ss were told which 
pattern it was and the time permitted for study. 
At the signal, Ss began memorization. A warn- 
ing signal was given 1 min. before the time limit. 
When the study time had elapsed, the passage 
was removed from sight, and each S recorded all 
he could recall. 

After the first recall, Ss were given a 5-min. 
rest period. Then they played simple word 
games for another 10 min. The other passages 
prepared for the session were administered in 
exactly the same way. Each time, memoriza- 
tion and recall were followed by 5 min. of rest 
and 10 min. of intervening activity. 

An attempt to control the possible influence 
of order of presentation was made by having Ss 
take the passages in a variety of pattern-study 
period sequences. Since it was not feasible to 
run more than three experimental sessions a day, 
Ss were divided into three smaller groups roughly 
equated on the basis of over-all training perform- 
ance. Each subgroup met separately and took 
the passages in a different pattern-study period 
sequence. Thus randomized, any effects of 
order of presentation were likely to be minimized 
for the entire results. 

As a crude test of the reliability of the results 
obtained with the initial experimental procedure, 


of syllables 


Ss of Group I were reassembled one week later 
and readministered all three patterns for two 
study periods: 1 min. and 15 min. 

Group II.—A repetition of the procedure for 
Group I with different patterns was employed. 
Patterns 1, 3, and 5 were taken for five study 
periods: 1, 3, 5, 10, and 15 min. The 20-min. 
interval was omitted this time. The Ss were 
divided into three roughly equated subgroups, 
and each was administered a different pattern- 
study period sequence. 


Resutts anp Discussion 


The obtained means and SD’s for 
the recall scores are presented in Table 
1. Several things are immediately 
clear from these data: (a) The recall 
scores are alwa i in passages 
of lower degree of organization than int 
passages of | higher degree of organiza- 
tion. ‘The conclusions of Out eailier 
investigation are thus substantiated to 
this extent : less information is recalled 





from materi i 
than from material of lower organiza- 
tion. (6) The recall scores are differ~ 


ent for each degree-of-organization,- 
The conclusions of our earlier investi- 


gation are thus contradicted to this 


extent: there is no cons a 
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in_ materials of lower ee 
(c) There gular invers 


relationship ps ea gh oe mH of 
passages and the 


organization-of the 
amount of information recalled from 
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mates of the trends suggested by the 
obtained data. 

The extent to which the relationship 
between degree of organization and 
information recalled is independent of 


them. ~Moreover, this relationshi ngth of study period is set forth more 
seems to be independent of the length clearly if the pattern- to-pattern ratio 


of study period. — 


A clearer impression of these results 
may perhaps be gained from the more 
idealized graphic portrayal given in 
Fig. 1. Here, curves derived from the 
recall scores plotted against the study 
periods are smoothed to present a 
better picture of their similitude. Ac- 
cidental irregularities, such as the 
plateau that would result from the 
lack of gain between the 10- and 15- 
min. intervals for Pattern 4, are 
removed. If we overlook one or two 
experimental peculiarities of this sort, 
the curves are reasonably good esti- 
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13 5 10 15 20 
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Fic. 1. Trends in amount of information 
recalled from different degrees of organization 
with periodic increase in study time. Five 
degrees of organization are represented: Patterns 
1, 4, and 6 taken by Group I; Patterns 1, 3, and 5 
taken by Group II. 





of the mean recall scores is compared 
at each study period. For example, 
the ratios of Pattern 1 to Pattern 4 for 
Group I at the six study periods are 
1.2, 1.2, 1.2, 1.1, 1.7,and 1.4; the 
ratios of Pattern 1 to Pattern 6 are 
1.5, 1.6, 1.4, 1.5, 2.1, and 2.1. The 
ratios of Pattern 1 to Pattern 3 for 
Group II at the five study periods are 
1.3, 1.2, 1.1, 1.4, and 1.3; the ratios of 
Pattern | to Pattern 5 are 1.7, 1.3, 1.7, 
1.7, and 1.7. Although these ratios do 
not contradict the generalization that 
the relation between degree of organi- 
zation and information recalled is 
independent of length of study period, 
this statement may be accurate only 
for the four shorter periods. The 
ratios are substantially higher for the 
two longest study periods (with the 
exception of the retest for Group I and 
Pattern 3 to Pattern 5 for Group IT). 

It is interesting to observe that the 
ratios of the recall scores are always 
less than the corresponding ratios of 
the rates of information. For example, 
the ratio of the rates of information of 
Pattern 1 to Pattern 4is 2. Compare 
this with the recall ratios given above. 
It seems as if the difference in per- 
formance on patterns of different de- 
grees of organization is not as great 
as the ratios of their rates of informa- 
tion might lead us to expect. : 

Whereas the retest scores of Group I 
show considerable improvement over 
the scores obtained at the initial ad- 
ministration, the recall ratios remain 
almost exactly the same. An explicit 
interpretation is not possible at this 
point, but it would seem as if the 
learning habits acquired during train- 

















IMMEDIATE RECALL 


TABLE 2 


Percentace Loss in Rate or RECALL BY 
Patrerns AND Strupy Periops 











Study Period 
Group | Pattern 
1 3 5 10 | 15 
1 0 | 48/55 | 71 | 70 | 76 
I A 0 | 45 | 54 | 67 | 78 
6 0 | 49} 51} 70| 78/8 
1 0 77- 
I 4 0 80 
(Retest)} 6 0 77 
1 O | 51 | 62 | 74 | 77 
II 3 O | 47 | 57 | 75 | 78 
5 0 | 36| 61 | 73 | 77 


























ing persisted beyond the limited recall 
capacities demonstrated in the initial 
administration. 

The approximate constancy ob- 
tained among the ratios of information 
recalled implies that as the length of 
the study period increases, the decrease 
in rate of recall is percentagewise the 
same for all degrees of organization. 
This is shown directly by the “per- 
centage loss” figures in Table 2, which 
represent the failure to recall propor- 
tionate amounts of information with 
given increases in study time relative 
to the amount recalled at the 1-min. 
study period. As a formula, this 
notion may be expressed as 


Mean recall score 
Study period 
Mean recall score at 1 min. 








1 


The fraction merely represents the 
ratio of the rate of recall for a given 
study period to the rate of recall for 
the 1-min. study period. 

The figures in Table 2 confirm the 
inference that the decrease in the 
amount of information recalled per 
minute of study time is percentage- 


wise independent of degree of organi- . 


zation. Although this result was un- 
expected, an analogous finding has 
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since been reported by Pollack (3). 
Pollack varied the length of his mes- 
sage (where we varied the length of 
study period), and instead of measur- 
ing the information recalled per min- 
ute of study time, he measured the 
error output, i.e., the amount of infor- 
mation input not recalled per unit of 
message. Since his measure is the 
converse of ours, he found the error 
output increased with increase in 
length of message. However, when 
he used a measure containing a param- 
eter peculiar to the particular degree 
of organization, i.e., 


Amount of information recalled 
Amount of information in message’ 





as we did in the ratio 


Mean recall score 
Study period 
Mean recall secore at 1 min. 








he discovered that the error output 
was proportionately the same for all 
degrees of organization. 


SUMMARY 


Materials of an earlier study (1) were em- 
ployed in a further investigation of the influence 
of degree of organization upon Ss’ ability to 
recall passages of nonsense syllables immediately 
after learning. Two groups of Ss were inten- 
sively trained in the various organizational pat- 
terns of the passages. “The organizational pat- 
terns ranged from random order (high average 
rate of information) to high organization (low 
average rate of information). ‘The Ss then tried 
to memorize a series of experimental passages 
over a succession of study periods from 1 min. 
to 20 min. in length. The results of this experi- 
ment led to the following conclusions: 

1. More information is recalled from material 
of lower degree of-organization than trom mate- 
rial of hi This find- 
ing is in conformance with results reported earlier 
(1). However, different amounts of information 
were recalled from each degree of organization 

Sted—a finding contradicteryte-the constancy 
_in_in j of 
organization i More intensive 
training of Ss, far from bringing about a con- 
stancy in information recalled from every pas- 
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sage, increased the recall differences among the study time increases. The “loss” is percentage- 
various degrees of organization. wise the same for all degrees of organization. 
2. The ratio of the information recalled from 
a pattern of higher degree of organization to the 
information recalled from a pattern of lower 
degree of-erganization—is—always less than the 1. Asoen, M., & Rusenstein, H. Information 
ratio of their rates of information. theory and immediate recall. J. exp. 
3. The relationship between degree of organi-— Psychol., 1952, 44, 260-266. 
zation and amount tof information. recalled —is- 2. Mier, G. ‘= & SELFRIDGE, J. A. Verbal 
independent of length of study period fer-shorter— context and the recall of meaningful 
study periods. In the longest study periode- material. Amer. J. Psychol., 1950, 63 
(10 and 15 min.), there is a tendency for per=_ 176-185. 
formance in patterns of lower organization to 
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